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ave 70% 
on material costs 
CUT machining costs by 50% 


Inboard strut for airframe assembly 


| 


Stabilizer hinge support 


Put your complex components in the hands of A. OQ. 
Smith! Exclusive E.D.O.S. manufacturing process 
is faster than conventional methods . . . assures a 
stronger product... cuts your costs. 


For example, a conventional titanium rough-forged 
jet engine ring, 174%" O.D. x 54%” wide, weighs 70 
pounds — while its counterpart, an E.D.O.S. pre- 
cision-forged, contour-rolled titanium ring, weighs 
but 20 pounds! Save 71% on material . . . 50% on 
machining time. 


WRITE TODAY FOR FREE ILLUS- 
TRATED BOOKLET — Bulletin 
1-17A — Complete with technical 
details. Also arrange for showing 
of new 16-mm. sound color movie 
about this remarkable process. 


A.0. Smit 


Engineered Designs for Optimum Structures 


This remarkable metal- and work-saving process 
is ideal for titanium, steel and other heat-resistant 
alloys . . . may be the answer for fabricating your 
product. For further details about E.D.O.S., contact 
A. O. Smith Corporation, Milwaukee 1, Wisconsin. 


Through research <a)... a better way 


MILWAUKEE 1, WISCONSIN 


International Division: MILWAUKEE 1, WISCONSIN 
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the heliostat of a solar furnace 
gthers the sun’s energy in the 
fist step of a build-up to 3300K. 
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Solar Furnaces: Prospects and Problems 


Lawrence Sandek 


Solar batteries and nuclear power have dominated our thinking about new 
energy sources. But solar furnaces have come a long way too. 


Stretching the Executive Hour 
Louis J. A. Villalon 


Pressure and the desire to meet it can turn you into a human dynamo. 
Learning a few tricks can make you a relaxed human dynamo, 


Au-to-ma-tion George and Paul Amber 


The word has become an ad-man’s hyperbole, and its misuse has divested 
it of meaning. The brothers Amber try a redefinition. 


Organizing for Effective R/D 


Robert K. Stolz 
How to alleviate R/D growing pains. 


Technical Management: Professional Status 


Upgrading technicians is one answer to the engineer shortage. But there 
are concomitant problems. Dr. Williamson examines some. 


Face to Face: R/E Interviews Kinzel of Carbide 


A guided tour through the research policies of one of America’s billion- 
dollar corporations. 


The Other Side of the Atom 
By concentrating on the atom as a power-source, we are neglecting its other 
possibilities—heat, for instance. 
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A. Tektronix Field Engineer, 

B. Type 310 Oscilloscope. 3” port. 
able, de to 4 mc, weight only 
23% Ibs. Price $595. 

C. Type 315D Oscilloscope, 3” 
portable, de to 5 mc, weight 
only 36 Ibs. Price $770. Rack. 
mounting model also available, 


ne of these oscilloscopes 
may belong in YOUR picture 


If an oscilloscope with the right characteristics will help speed progress in 
your work, you'll be interested in the performance range covered by these ten 
Tektronix Oscilloscopes. Each has been designed for a particular application, 
from the compact Type 310 Portable Oscilloscope to the Type 517A, special- 
ized for high-speed pulse analysis. Each of the five oscilloscopes designed to 
work with interchangeable plug-in preamplifiers offers an extremely high de- 
gree of versatility in a single instrument. 


Your complete oscilloscope requirement may be satisfied by one of the more 
versatile instruments. Or, you may have an unusual requirement that can be 
satisfied only by a highly-specialized oscilloscope. In selecting the right oscil- 
loscope for your present and future needs, a consultation with your Tektronix 
Field Engineer can be very helpful. It’s a matter of great importance to him 
that you make the best possible selection, because his term of responsibility 
parallels the useful life of your Tektronix instrument ...and that’s a huge 
chunk of his future. 


ENGINEERS — interested in further- 
ing the advancement of the oscillo- 


Tektronix, Inc. 


scope? We have openings for men 

with creative design ability. Please P.0. Box 831 + Portland 7, Oregon 

write to Richard Ropieqvet, Vice 

President, Engineering. Phone CYpress 2-2611 « TWX-PD 265 + Cable: TEKTRONIX 
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D. Type 515 Oscilloscope. 5” port. 
able, de to 15 mc. Weight only 
40 Ibs, Price $750. 

E. Type 517A High-Speed Pulse 
Oscilloscope. Seven-millimicro- 
second risetime, 24 kv acceler- 
ating potential. Price $3500. 

F. Type 524AD Television Oscillo- 
scope. DC to 10 me, 0 to 25 
millisecond sweep delay. Price 
$1180. 

G, H, 1, J, K. Oscilloscopes using 
plug-in preamplifiers. Seven 
Plug-in Units available. Extra 
wide sweep range. Extreme 
versatility. 


G. Type 531 Oscilloscope. DC to 
10 mec, 10 kv accelerating po- 
tential. Price, without plug-in 
units, $995. 

H. Type 535 Oscilloscope. DC to 
10 mec, 10 kv accelerating po- 
tential, 1 wsec to 0.1 sec sweep 
delay. Price, without plug-in 
units, $1300. 

1. Type 532 Oscilloscope. DC to 
5 mc, 4 kv accelerating poten- 
tial, 8-cm linear vertical deflec- 
tion. Price, without plug-in 
units, $825. 

J. Type 541 Oscilloscope. DC to 
30 mc, 10 kv accelerating po- 
tential. Price, without plug-in 
units, $1145, 

K. Type 545 Oscilloscope. DC to 
30 mc, 10 kv accelerating po- 
tential. 1 wsec to 0.1 sec sweep 
delay. Price, without plug-in 
units, $1450. 


PLUG-IN UNITS 
L. Type 53/54A Wide-Band DC $85 


M, Type 53/548 Wide-Band 


125 
N. Type 53/54C Dual Trace 
Fest-Ree Be 275 
©. Type 53/54D Differential 
High-Gain DC 145 
P. Type 53/54E Differential 
Low-Level AC 165 
Q. Type 53/54G Differential 
Wide-Band DC 175 


R. Type 53/54K Fast-Rise DC. .125 
All prices f.0.b, Portland, Oregon 


ee: .e..0F = 
‘@ee@'R gol 7 
im] 
engine 
Probie 
i$ con 
highe: 
at 
ot 
work 
if his 
Upa 
some 
out in 
ght. 
piece 
se 
: 
confin 
| 
tis) 
have | 
engine 
f . 
ar t 
shoule 
real @ 
m to 
Fin 
2 


TECHNICAL MANAGEMENT 


MERRITT A. WILLIAMSON 


‘I dedicate myself to the dissemination of engineering 
mowledge and especially to the instruction of younger 
members of my profession in all its arts and traditions”. 

This statement appears in the document entitled 
‘faith of the Engineer” published by the Engineer’s 
Council for Professional Development. Since President 
Risenhower has proclaimed February 17-23 as National 
Engineers’ Week, I thought it might be well to discuss 
the problem of professional personnel development. 

Surveys tell us that much of our trouble in R/D stems 
fom a lack of recognition, or appreciation of the worker. 
Engineers are no different from any other workers in 
their need for praise and understanding. Above all, they 
must feel that they’re moving ahead—that their abili- 
ties are being recognized and rewarded. Their rate of 
progress must give evidence of the fact. This is especial- 
y important with respect to technicians, who are not 
mgineers now but who may be some day. 


Problems of Upgrading Technicians 

In this day of tremendous demand for engineers there 
Sconstant pressure to promote sub-standard men into 
tigher categories. This should be resisted because it does 
nt further the profession, and, I believe, will ultimately 
wrk to the detriment of the man who gets put ahead 
if his abilities. 

Upgrading technicians to the level of engineer also 
mis up against the resistance of certified engineers, 
seme of whom resent having the title of engineer given 
wt indiscriminately. They prize it highly, which is only 
tight. They’ve invested a lot of sweat and cash in the 
piece of paper which is called a diploma. They don’t like 
% see others acquire the same title without having 
earned it. 

To my mind, however, “engineering” is not necessarily 
cnfined to graduates of formal engineering curricula. 
tis more an approach to problems—a methodology. I 
tave known some men with no degrees who are better 
‘agineers than many who hold advanced degrees. Is it 
tir to deny a title and possibilities for promotion to 
men employed on engineering work just because they 
lever received a degree? 

I feel that promoting of technicians to engineers 
should be encouraged, but it should be done properly. 
in other words, does your promotion policy recognize 
ral engineering ability or is it only a means of holding 
m to good technicians? 

Finding accurate criteria by which to appraise men’s 
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promotability is central to this whole problem of ap- 
preciation—recognition. That’s why this month I would 
like to discuss these criteria. Lately, many promotion 
questions are being decided by review boards comprised 
of senior engineers; so I'll address myself to them. 


The Working Record 


The committee members should meet and examine the 
man’s complete record. They should obtain statements 
from his engineering associates indicating that he is 
acceptable to them as an equal. They should arrange an 
oral examination to satisfy themselves that his knowl- 
edge of his field is up to standard. They should also care- 
fully observe his approach to the solution of problems. 

But in receiving testimonials, the review board shoulda 
be cautious of this point: If one is close enough to a 
person to be competent to judge, then he is also close 
enough to be biased. From this position it may be diffi- 
cult to see the applicant as he really is, and make a fair 
evaluation. 


Passing The State Boards 


If the technician passes the committee’s review, the 
company should pay for his taking the Engineer-in- 
Training examination that is posed by the state. Per- 
haps because I am a registered professional engineer, I 
naturally lean toward a state-prescribed professional ex- 
amination. It is designed to test knowledge of engineer- 
ing fundamentals. Passing it successfully is a proof as 
far as the state is concerned that the individual has a 
background equivalent to a graduate from an approved 
engineering school. I think every person should demon- 
strate this background before he is given an engineering 
classification. Just because he is extremely well informed 
in a narrow area of technology is by no means an indi- 
cation that he deserves to be called an engineer. 

He can, if he wants, follow up the Engineer-in-Train- 
ing examination by taking, at a later date, the full 
examination and receive his certification as a registered 
engineer. Many localities offer courses designed as a 
review for the examination. If he passes an examination 
at the advanced level, then, it seems certain that he really 
is an engineer and no one should deny him this classifi- 
cation. If he fails to pass the Engineer-in-Training ex- 
amination, then the board has definite and unbiased data 
on which to turn down the request, but I feel that this 
should be the final filtering operation. 

(Continued on page 34) 
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For synthesis-- 
Hydroxylamine salts may be used to make oximes, 
hydroxamic acids, and numerous intermediates, 
They are useful for preparation of anti- 
skinning agents, anti-rusting agents, 
and pharmaceuticals, 


As acid-stable reducing 
agents— For metallic ions 
such as ferric, cupric, silver, 
and for nonmetallics such 
as dyes, peroxides, and 
nitrites. These compounds 
are useful in purification 
processes, dyeing of 

acrylic fibers and asa 
short-stopper for 

catalyzed polymerization 
reactions, 


As oxidizing agents— 

This is new territory 

that needs exploring. 
Hydroxylamine salts are 
probably mild oxidizing agents. 


Effects on proteins and 
biological systems— 
Hydroxylamine salts inhibit enzymes such 
as catalase, harden gelatine . . . derivatives 
are good fungicides and bactericides. For the 

most part, this is a poorly explored area suitable 
for intensive experimentation. 


* Hydroxylammonium Acid Sulfate 


NH, OH +H, SO, Already known for their wide range of utility, these 
Hydroxylammonium Sulfate nitroparaffin derivatives may find dramatic uses 

(NH; OH), * H, SO, from future research. Their potential applications 
Hydroxylammonium Chloride for experimentation are almost unlimited. 

NH, OH HCI 


For more details on these and other 
uses for Hydroxylamine salts, mail the coupon below. 


COMMERCIAL SOLVENTS CORPORATION 
Industrial Chemicals Department - 260 Madison Ave. + New York 16, N. Y. 
Please send me data sheets #19 and #19A for information on 


Hydroxylamine salts. 

Name Title — 
Company 
Street 
City. Zone State 
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PHOTO COMPARES heat con- 
ductivity of CARBOFRAX brick and 
fireclay. Water separated from 
heat by 9 inches of CARBOFRAX 
brick boils turbulently, but barely 
gets warm on fireclay. 


Refractories-for high heat conductivity 


For valuable information about high temperature problems 
—and other pertinent information about refractories—or for 
help on your own particular problem—fill in and mail this 
coupon today: 


High heat conductivity—roughly 11 times that of fireclay and 
about 70% that of chrome-nickel steels—is one of the properties 
of CARBOFRAX® silicon carbide refractories. It is an ideal mate- 
tial for muffles, radiant tubes, retorts and similar structures 
where you need exceptional resistance to direct flame plus the 
ability to conduct heat efficiently. At 2200°F, thermal conduc- 
tivity of CARBOFRAX brick is 109BTU/hr., sq. ft. and °F/in. 
of thickness. 

CARBOFRAX refractories typify the many super refractories 
pioneered by Carborundum. Each has a wide range of properties. 
One, for example, is formed into precision parts that look like 
cast iron yet resist over 3000°F. Another, a new ceramic fiber, 
filters and insulates at temperatures no existing mineral or glass 


fiber can take. 


CARBORUNDUM 


Registered Trade Mark 
FOR MORE INFORMATION CIRCLE 4 ON PAGE 48 


MAIL THIS COUPON TODAY - 


Refractories Division, 
The Carborundum Company, Perth Amboy, N. J., Dept. S$ 27 


Please send me: 
(_] Forthcoming issue of Refractories Magazine 
[] Bulletin on Properties of Carborundum’s Super Refractories 


[] Here is a description of my high temperature problem. 
Can you help me? 
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Now you can shock test 


with a controlled 10,000-pound thrust | 


Using the HYGE shock tester, you can 
simulate actual service conditions to 
test the shock resistance of parts and 
assemblies. 

You can set up the HYGE to pro- 
duce specific acceleration and/or de- 
celeration wave forms for desired 
durations. 

Theoretically, the HYGE can pro- 
duce a maximum build-up rate of 
200,000 g’s per second from zero to 
peak acceleration. The acceleration 
pattern is free of high-frequency 
transients. 


Essentially a free floating piston in a closed 
cylinder, the HYGE gets its punch as the result 
of differential pressures on the two faces of its 
thrust piston. (See diagram.) 

A low pressure in the top gas chamber forces 
the piston against a seal ring which seats on top 
of the orifice. Only the small piston area ex- 
posed to the orifice is open to pressure from the 
lower chambers. 

By introducing compressed nitrogen into the 
lower chamber, you can equalize the forces on 
the two faces of the piston. Just a slight increase 
in pressure upsets this equilibrium, moves the 
piston up slightly, breaks the seal at the ori- 
fice, exposes the entire bottom of the piston to 
the high pressure of the lower chambers, and 
shoots the piston up with a terrific thrust. 

Theoretically, the thrust will equal the differ- 
ence in pressure between the upper and lower 
chambers times the net piston area exposed, 
This thrust is transmitted directly to the test 
specimen through a column. 

The shape of the metering pin at the base of 
the piston regulates acceleration. Metering pins 
of different shapes produce different shock 
patterns. 

To get controlled deceleration, add an orifice 
above the piston and another metering pin. 


Several standard ty 


> 


aA 


How the HYGE Shock Tester works 


443 


The HYGE shock tester, manufactured and mar- 
keted by CEC under license from the Convair 
Division of General Dynamics Corporation. 


Test Specimen 
Top Gas Chamber 
Thrust Column 


Deceleration 
Orifice 


Deceleration 
Metering Pin 


Thrust Piston 


Accumulator— 
Gas Chamber 


of HYGE shock testers are available. 


There is also a “‘kit’’ of modular components from which a vari- 
ety of units can be developed. Units can be combined to develop 


enough thrust for | 


test specimens. 


Send for Bulletin P4-70 for a more detailed discussion of the 


HYGE shock tester. 


Consolidated Electrodynamics 
Rochester Division, Rochester 3, N. Y. 
formerly Consolidated Vacuum 


NATIONWIDE COMPANY-OWNED SALES AND SERVICE OFFICES 


FOR MORE INFORMATION CIRCLE 4 ON PAGE 48 


RESEARCH & ENGINEERING 


Letters 


Please send all letters to the editor to our 
editorial offices, 77 South St., Stamford, Conn, 


MORE ON LEAKPROOF SEALS 


Bayside, L.I., NY. 

I have enjoyed reading R/E for some 
time and have found some of your arti 
cles extremely interesting. In your Oeto. 
ber 1956 issue the article by Messrs 
Lobo and Sliepcevich (High-Pressur 
High Temperature Chemical Reactors) 
interested me a great deal. The article 
explains the pros and cons of several 
types of leak proof seals. 

The writers’ interest appears to bea 
yen for a leak proof seal which can be 
dismantled and assembled readily. They 
should read the “The Knife Edge Seal” 
in the Vacuum Symposium Transaction 
for 1955. 

We have used the seal in a great deal 
of our vacuum tube testing work. We 
have made seals of 4” to 12” in diameter 
and have used other materials beside 
metals. Our temperature range has been 
from —186°C to 450°C. I cannot see any 
reason why it should stop at 450°C if 
the proper materials were chosen. 

The seals have withstood many bake 
outs, at 450°C, without leaks developing. 
We have had failure of the vacuum sys- 
tem components more often than the 
seals. The seals have been used on vat- 
uum tubes where the pressure is 10x 
10-11 mm Hg. 


JOSEPH M. LECH, Sr. Tecs, 
SYLVANIA ELEcTRIC Propucts, INC. 


THEY’RE TOO HEALTHY! 


Vineland, Nd. 

Your magazine has had several arti 
cles on R/D administration of interest 
to me, especially the fine article “How 
Much Is an R/D Boss Worth?” I wonder 
if you would care to answer a question 
for me? 

There are many talented men pidgeor- 
holed in companies where there is 
room for promotion because top manage 
ment is already staffed with healthy, 
capable managers. Do you know of any 
reputable counseling service to help such 
engineers through the steps to top mam 
agement; to help them determine re 
sonable goals for their abilities; and & 
steer them toward the jobs where their 
abilities count most? 


(NAME WITHHELD BY REQUEST) 


In the coming months R/E will feature 
two articles which answer these 

other questions about opportunities 
advance in the field of research and é- 
velopment.—Ed. 
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32 to 8,000 pictures per second with the 


newest high-speed motion picture camera 


The Fairchild Motion Analysis Camera System, com- 
pletely light-weight and portable, designed with the aid 
of the men in the field for today’s instrumentation and 
research needs. The Fairchild MAC features: 


—A 10 Ib. camera, suitable for handholding. 

—A 4% lb. field power supply, smaller than a cigar box. 

—Camera and event synchronizer (a-c or d-c), the size 
of a large briefcase. 

; —A tripod that folds down to a length of 16”. 

— Lighting equipment, minimal size, portable. 

—A complete family of ruggedized lenses from 3.7 
to 254 mm and auxiliary optical equipment which 
includes fiducial markers and means for making com- 
bined oscillographic and high-speed motion pictures. 

Performance: 
— The widest speed range available, covered with eas- 
ily interchangeable motors. 
— Unrivalled picture steadiness and sharpness. 
— Stop-start operation up to 450 pps. 
— Capable of withstanding severe environments of vibra- 
tion, acceleration or shock. 


CAMERA AND INSTRUMENT 


— Color film without color correction filters. 
— Simplest loading and operation. 


— The camera with any lens from 13 to 154 mm. focal 
and any motor is only $1,190.00. 
For full information on the camera and complete system 
plus latest data on high speed photography, mail coupon 
today: 


Free Quarterly Newsletter 

“WHAT'S GOING ON IN PHOTOGRAPHIC INSTRUMENTATION?” 
Fairchild Camera & Instrument Corporation 
Photographic Instrumentation Department 

88.06 Van Wyck Expressway, Jamaica 1, N. Y., Dept. 130-2A. 


Please send me full information on MAC and include your free 
newsletter “What's going on in high speed photography?”. 


Name Title 
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SOLAR FURNACES 


holica 

sun's 

PROBLEMS & PROSPECTS i 

of 30 

LAWRENCE SANDEK. associate editor el 

borho 

In mathematics, metaphysics, and science, simplicity is part of the i. 
elegance of any solution. Much of simplicity consists in eliminating Fe 
more and more parts or steps. This is the fascination beyond the = 
promise of solar furnaces. They offer a means of using the sun’s The F 
enormous output directly; dispensing with mediate steps—fossil nt 
fuels, wind, water power. What is the future for solar furnaces? What ingle 
is their present state of development? Here is a brief survey of the sy 


promise they offer and the problems they present. . * 
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This 1s the 2,169th anniversary of history’s most dra- 
matic use of concentrated sunlight. For in 212 B.C., 
igend has it, Archimedes helped Syracuse fend off an 
invading fleet by setting fire to its sails. He used a dia- 
hlical arrangement of small mirrors that focused the 
wn’s rays upon the Roman target several hundred 
yards away. 

Pliny in the first century of the Christian era wrote 
of solar burning glasses used for cauterizing wounds. 
And in 1774—183 years ago—Lavoisier, the father of 
modern chemistry, attained temperatures in the neigh- 
brhood of 3200°F with a large double-lens solar fur- 
nace, With it, he demonstrated the carboniferous nature 
of diamond and almost melted platinum. 

But it has not been until the past decade or so that 
the splendid madness of trying to harness the sun has 
moved a significant number of workers in modern science 
tocarry on the work begun by Archimedes and Lavoisier. 
The prize: 85 trillion killowatts of energy that annually 
reach the earth’s surface. Share for the U.S.: the equiva- 
lent of 1150 billion tons of coal. Which means that the 
energy radiated upon the United States by the sun in a 
single year exceeds by about 10 percent all of the energy 
locked in our estimated recoverable coal reserves. 

At the Solar Furnace Symposium held under the 
wspicies of the Association for Applied Solar Energy 
in Phoenix, Arizona, last month, solar furnace design, 
its problems and prospects, was brought still further 
wt of the realm of legend and into modern technology. 

Work on solar furnaces has thus far produced research 
models capable of generating up to 3300°K, but these 
temperatures are in small areas at the focus of the para- 
poloidal reflectors. The U.S. Army’s Quartermaster R/D 
Command is planning a solar furnace that will yield an 
image size (effective heating area) in the neighborhood 
of five inches. And though this is sufficient for their 
purposes of researching protective measures against 
thermal radiation from nuclear sources, it is scarcely 
adequate for industrial applications like power. 

Using solar energy presents other problems. It reaches 
ls in the form of electromagnetic radiation—nearly half 
’s visible light, a small amount as ultra-violet, and only 
half as infrared, or heat. And though that remaining 
half may represent an enormous total energy, it is not 
very concentrated, nor in the most convenient form— 
electricity. The problem of converting solar heat to elec- 
tricity in industrial quantities is a very great one. 

When these problems have been solved—when we have 
concentrated solar radiation from its low potential and 
Tansmuted it into the form we want—there will yet 
main the problem of storage. The sun shines inter- 
nittently but we need continuous power: how can we 
store solar energy for use at night or on cloudy days? 


Contamination-Free Heat 


The most promising aspect of solar furnaces, and the 
me that most assures continued financial support for 
furnace research, is the high temperatures they can at- 
lain and the conditions under which they attain them. 
Or. Peter Glaser of Arthur D. Little, Inc., argues that 
ihe solar furnace offers ideal research conditions. Solar 
tadiation is a pure source of energy without objection- 
ible by-products of combustion. The material to be 
teated in the furnace is its own container, thus another 
Shirce of possible contamination—the materials of the 
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furnace itself—is eliminated. No insulation is needed 
for the furnace because it remains virtually at atmos- 
pheric temperature. In addition to the high temperature 
and pure source advantages, the solar furnace offers an 
accurately controllable heat flux, and comparative facility 
in manipulating the work. 

These are substantially the considerations that moved 
the Kennecott Research Center into building a solar 
furnace. Much of their work involves molybdenum, 
rhenium, and niobium; all of which metals require spe- 
cial purification and fabrication techniques because of 
their high melting points and their affinity for oxygen 
and nitrogen. Additional considerations that recommend- 
ed the solar furnace are its ability to fuse samples 
without contamination from the container and the 
adaptability of the furnace to different types of prob- 
lems. Kennecott used their furnace for, among other 
things, zone refining. 


Two-Mirror Combination Most Common 


Most solar furnaces now planned employ a two-mirror 
paraboloid-heliostat combination. The heliostat catches 
the incident rays of the sun and directs them to the 
paraboloid reflector where they are concentrated onto the 
furnace located at the reflector’s focus. 

Much of furnace research is concerned with the effi- 
ciency of the reflectors. 

Ralph H. Wight of Pittsburgh’s F. W. Fecker Cor- 
poration in his paper, Materiels and Surfaces for Solar 
Furnaces, divides reflector research into two main 
groups: the reflecting surfaces themselves and the ma- 
terial of which they are made; and the approximation 
to perfection of the paraboloidal surface. 

In small furnaces, a single-piece metal or glass para- 
boloid is feasible, as witness the furnaces constructed 
of surplus search-lights. But if the furnace is to be of a 
size requiring a reflector of other than this standard 
size, the cost of a master mold would be prohibitive. 

The most obvious alternative is a mosaic arrangement 
of elements in an approximately paraboloidal configura- 
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tion. Mr. Wight enumerates five methods of making an 
approximately paraboloidal mosaic. 

First is to clamp and bend thin flat-glass mirrors to 
an approximation of the curvature desired. The second 
method is to approximate the paraboloid with a series 
of spherically ground mirrors. Toroidally ground mir- 
rors, a third method, can more closely approach the 
parabola than the small spherical segments of the sec- 
ond method. Fourth, slumping flat: glass into a spherical 
or toroidal approximation of the paraboloid. And fifth, a 
combination of slumping and grinding and polishing tech- 
niques might be evolved so that no great amount of glass 
will have to be removed in grinding and polishing. The 
latter method would result in an appreciable saving of 
time and effort as compared to grinding and polishing 
alone, and would yield greater surface accuracy than 
precision slumping alone. Still to be more thoroughly 
explored are metal-coated reflectors of reinforced plastic. 
Experimental models 3’ OD have already been cast. 

Quite aside from technical considerations, costs impose 
their limits on solar furnace design. Raymond W. Bliss, 
Jr. of Donovan & Bliss, Amado, Arizona, offers the fol- 
lowing argument. 

Assume preliminary tests show that a furnace factor 
of 0.5 has been attained. (The furnace factor is the 
product of all transmissivity factors allowing for all 
theoretically avoidable energy losses in transit through 
the furnace apparatus.) A furnace having a concentra- 
tion ratio of 10,000 and a hot spot diameter of 2 inches 
requires a bow! area of 600 square feet. Such a furnace 
could produce maximum temperatures around 3400°C. 
Now, if we want to double the concentration ratio and 
spot diameter, the bow] requirement will be 8000 square 


feet—14 times the bowl area of the first example. By 
the greater size would produce only an additional 600°. 
And the 14-times increase of bowl] size suggests tha 
there would be a 14-times leap in cost. This is a formié. 
able economic fact. 

A design study of the structural and component re. 
quirements for a solar furnace capable of attaining ten. 
peratures considerably higher than 3300°K leads to, 
configuration something like the one suggested by Frank 
Edlen of duPont’s Engineering Department. 

The reflector would have a minimum diameter of 1 
inches to provide sufficient power for melting metallurgi. 
cal test coupons and for operating skull-type cavity fu. 
naces. It would be rigidly mounted, horizontally, anj 
faced down, thus to minimize the problem of distributing 
shell stresses and to permit the furnace to be constructed 
vertically. Reflector and mounting can be maintained a 
constant temperature by a circulating coolant and by 
enclosing for weather and wind protection. The reflector 
might be of one-piece construction, preferably of silvered 
metal or glass. It must be mounted about 50 feet abor 
the heliostat to avoid noon shadow in summer. 

The heliostat reflecting surface would consist of opti. 
cally flat glass mirrors, approximately two feet square. 
individually supported in a rigid frame for alignment 
and adjustment. 

Mr. Edlin forsees the principal industrial application 
for solar furnaces resulting from the solar furnace: 
high temperatures in contamination-free conditions, I 
is these characteristics, he feels, that should be exploitel 
in designing future furnaces, 

Solar furnaces probably will be used for the com 
mercial processing of materials. Processing costs at: 


Furnaces vs. Furnaces 


Comparison of Electric and Solar Furnaces 


es Prospective Limit for Solar Furnace 
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Environment Reduc. Inert Oxid. Reduc. Inert Oxid. Reduc. Inert Oxid. 
Resistance Furnace Arc Furnace Induction Furnace 


Present and prospective limits for solar furnaces are 
here compared with the upper limits of electric furnaces 
(shaded zones). The indicated temperatures are attainable 
only in selected applications that certain contamination 
levels can be tolerated. 


Resistance Furnaces 
Electric resistance furnaces of graphite construction 
are limited from reaching higher temperatures by the 
vapor pressure of carbon and thermionic discharge from 
the heating element. These furnaces can be modified so 
‘ that the usual reducing atmosphere can be excluded from 
the reaction zone by refractory liners, and inert or even 
oxidizing atmospheres can be maintained. Resistance 


furnaces for use with inert or oxidizing atmospheres are 
made entirely of refractory oxides. These are limited to 
temperatures lower than those attainable with furnaces 
made of graphite. The limits are set by the properties of 
available refractories. 


Arc Furnaces 

Arc furnaces are widely used for the melting of elec- 
trically conductive materials. The consumable electrode 
arc furnace produces a melt by establishing an are be 
tween the electrode and a bed of the same material as 
the electrode. The latter is contained in a cooled crucible. 
A skull of frozen melt is formed and maintained at the 
cooled wall. This method produces ingots of considerable 
size and exceptional purity. 

The non-consumable electrode arc furnace is limited in 
application by the very few refractory materials suitable 
for use as electrodes. These materials must be electrically 
conductive, and the presence in the melt of minor amounts 
of contaminant from the electrode must be tolerable. 

Indirect arc furnaces are those where the arc reaches 
to a crucible of refractory material containing the melt 
These furnaces are also restricted to applications where 
electrically conductive refractories can be used. The mel: 
here too is subject to environmental contamination. 


induction Furnaces 

High-frequency induction or dielectric-heated electric 
furnaces are the usual choice for research investigations 
because of their cleanliness and simplicity of operation. 
The limitations of the materials of which they are coh 
structed restrict applications, generally, to the temper 
ture range of the other electric furnaces.—From /ndustrial 
Considerations of Solar Furnaces by Frank E. Edlin. 
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The ADL Solar Furnace 


Working in conjunction with Dr. Tibor Laszlo of 
Fordham University, Arthur D. Little, Inc., is now 
producing a solar furnace. It provides temperatures 
up to 3500°C, over a circular area of 0.6 centimeter 
diameter, without the problem of contamination from 
sample containers or furnace walls. 

The basic component of the furnace is a 60-inch 
diameter parabolic mirror with the front reflecting 
surface stellite-coated. Although the irradiated area of 
the sample is small, it is suitable for many research 
uses. The area of high-temperature can be sharply 
defined and the desired temperature accurately con- 
trolled. Temperature and heat flux measurement can 
be made conveniently by inserting instruments through 
the viewing port at the back of the reflector. 

The stage for mounting the sample is so designed 
that the sample can be tested in air, under vacuum, or 
in other atmospheres. Temperature control is by means 
of a shielding cylinder. Two motors permit rotation of 
the parabolic reflector around the horizontal and verti- 
cal axes. For control of the duration of the heating 
cycle, a shutter mechanism can be interposed between 
the sample and the sun. 


favorable site should be nominal—a few cents per pound 
of product. Add 10 cents per pound to amortize an in- 
vestment of $150 to $200 per square foot of reflector 
surface and associated machinery. This relatively high 
cost is justifiable where the unique advantages of the 
solar furnace are required for manufacturing. 

The economics of solar furnaces are quite different for 
industrial power applications from those for manufac- 
turing. Here the cost of power alone—and no other at- 
tributes of the furnace—is its justification. Fortunately, 
extremely high temperatures, and hence high quality 
collectors, are not required for routine power applica- 
tions. Based on the equivalent fuel value of the energy 
delivered, a maximum reflector cost of one or two dollars 
per square foot, including auxiliaries, seems justified 
and possible. 

In perspective, the future of the solar furnace seems 
to lie more in its continued refinement and application 
to manufacturing processes and research than as a re- 
placement or supplement for our diminishing fossil fuels. 
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STRETCHING THE EXECUTIVE HOUR 


There’s an old saw that advises that the best way to 
get a job done is to pick the busiest man in sight and 
assign it to him. And, like a good many old saws, there’s 
a good deal of truth in it. 

You all know the busy executive, already involved in 
a myriad of projects, both company and extracurricular, 
who seems to be able to summon up the extra tinie and 
energy for one more assignment. How does he do it? 
Where does he find this extra mine of energy? And, 
most important, is there any way for you to tap the 
vein, and to wring more productive work out of your 
own overcrowded day? 

Despite “The Man in the Grey Flannel Suit” cliche, 
this super go-getter is not necessarily a grim, family- 
neglecting, fun-eschewing robot, who is driven by a 
ruthless single-puxposed ambition. Ironically, he some- 
times seems to find more time for fun than most people 
—and even spends more satisfying hours with his family. 
In learning to use time well in his work, he employs it 
equally fruitfully off the job. 

It is not, furthermore, likely that he has any particular 
gift of abnormal energy. Energy is a little like another 


The go-getter is not necessarily a robot. 


common commodity—water. If channeled and guided, 
it can be enormously productive. If, on the other hand, 
it’s allowed to dribble away or flow every which way, 
it’s practically useless. No more or less water—or energy 
—is needed in either case. 

All our high accomplisher has done is to learn a few 
tricks of his trade. Research studies have been lavished 
on increasing the manual worker’s productivity. Time 
and motion research, incentive studies, and investiga- 
tions of the relationship of rest to work, have all been 
applied to the problem of increased productivity for 
skilled and semi-skilled workers. Knowingly or unknow- 
ingly, the successful technical manager is just applying 
some of the conclusions reached, plus a few psychologi- 
cal tricks, to his own job situation. He’s increasing his 
personal productivity by channeling normal supplies of 
energy into a sustained and powerful stream. 

Industrial psychologists who are working with execu- 
tives in industry estimate that the average official uses 
only about a third to a half of his energy productively. 
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LUIS J. VILLALON, 


Management Affairs Editor 


It’s entirely feasible for any one of these to better this 
average, if he absorbs and uses a few simple principles 
of performance and motivation. 


Refresh Yourself by Shifting from Job to Job 

One of the soundest psychological principles is that 
change is rest. Boredom is a much greater thief of pro- 
ductivity and efficiency than is fatigue. 


Psychologists say we use only a third of our energy. 


At a routine, repetitive office or factory job, research 
shows, loss of output and efficiency during the first four 
hours of work is exceedingly high. 

On the other hand, at another kind of task, involving 
mental work designed to keep the interest level fairly 
constant, measured efficiency drops only about one to 
two percent. This is true even under uncomfortable 
physical conditions, such as high heat and humidity. 

In the second case, interest kept the individual's energy 
supply constant—and kept his inbred laziness dormant, 
He didn’t feel the need for rest until honest fatigue set in. 

Laziness is a clever enemy. It causes man to confuse 
mental warnings like boredom and lassitude with nature's 
legitimate protective signals against overwork. Laziness 
is like an imp constantly whispering in a man’s ear how 


Laziness is an imp. Don’t let it slow you down. 


overworked he is, how tired he is, and how the best thing 
he can do is to lay off and snooze. This boredom hits long 
before real fatigue. 

The best way to trick this imp is to recognize his 
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siren song as a sign merely of staleness on the particular 
job, and switch to another task where revived interest 
will sharpen up your mental processes and renew the 
energy that seemed to be lagging. 

Some practitioners of this method actually think of 
themselves as moving around among a number of sepa- 
rate jobs—and a few do actually move around. One 
company vice president manages to work on his various 
projects in different rooms. He literally shuts the door 
on one problem as he goes to another. Others, without 
space for multiple offices, substitute sternly compart- 
mented briefcases or different desks to escape the piled- 
up papers of the incomplete jobs that have been left. 
There are, of course, hazards in the use of this technique, 
but none is as hard to overcome as it sounds at first. 
When changing from job to job is suggested, managers 
inevitably ask whether they won’t forget things in the 
process, Whether their important work won’t be inter- 
rupted, and whether their mind won’t be left a mish- 
mash of incompleted tasks. 

There is little danger of forgetting. Science has proved 
that memory for incompleted tasks, sparked by the un- 
resolved tensions, is over 10 times as great as memory 
for completed ones. A good way to make the transition 
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The subconscious mind can do useful work. 


is to end current activities with a resume or status re- 
port to oneself. This can be dictated to secretary or 
machine, or jotted down on a pad or paper. This pro- 
cedure also helps to overcome the inertia which everyone 
feels to some extent when he must start a new job. Pick- 
ing up your resume will tend to snap the problem back 
into focus, working much like the diaphragm on a pre- 
set photographic lens at the commencement of the next 
session. 

Far from forgetting, the subconscious mind very often 
does useful work on a problem while the conscious mind 
is working on something else. No one has yet been able 
tochart the intricacies of the human mind, with particu- 
lar reference to the subconscious, but few psychologists 
will deny that it does have an ability to work inde- 
pendently of the conscious side. . 

There is no need that the most important work be 
delayed. The objective is to get more—not less—pro- 
ductivity out of an individual. 

One extra trick is to schedule these most important 
jobs into your own period of greatest work efficiency. 
Normally, an individual has two peaks a day for mental 
operations, according to tests. They are, roughly, between 
10 and 11 in the morning, and 2:30 and 3:30 in the 
afternoon. There is, however, a wide variation among 
individuals, and the efficiency peaks are heavily affected 
by living habits—for instance by how many martinis 
and/or how many calories are consumed at the midday 
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meal. At any rate, it is not too hard to discover one’s 
own pattern and schedule important work accordingly. 
Stimulate Motivation for More Energy 

The words “motor” and “motivation” derive from the 
same root. Motivation is, in fact, the motor that gener- 


We have two peaks a day for mental operations. 


ates energy. Without it, all the tricks in the world won’t 
enable you to do more than you need to get along. 

Here again, however, the superheated doer has learned 
to play some tricks on himself. One of them is to an- 
nounce goals, projects, and ideas before they are accom- 
plished to people whose respect you want to keep or 
whose opinion is important to you. Once you have given 
yourself a public time-limit and have made a public 
promise from which you cannot back out without losing 
face, you have created a powerful drive to live up to 
your commitment. 

One R/D manager goes so far as to write out a policy 
statement of what he wants to accomplish every time 


Announce goals and projects beforehand. 


he starts a new job. He then asks his boss to initial it, 
and publicly commits himself by showing it to his de- 
partment. Then his pride won’t let him neglect it. 

On short-term administrative projects, some extreme 
followers of this theory actually announce that they have 
completed a certain assignment and that they will de- 
liver it at a subsequent date, before they have really 
started it. This is dynamite, but it helps meet some of 
the world’s most difficult deadlines. Of course technical 
projects can’t be handled as easily this way. 

Actually, announced goals should not concern the too- 
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distant future, anyhow. It is the pressing deadlines 
which must be fulfilled quickly that keep people hopping. 
If the project is a long one, it’s a healthy device to chop 
it up into segments and schedule yourself accordingly. 

It is, of course, unwise to set one’s announced goal 
at an impractical height. With too great a gap between 
aspirations and achievement, you end up with your head 
in the stratosphere and produce little. 

On the other hand, psychological research has shown 
that work moves faster through the use of an ascending 
aspiration level. Every time you’ve reached a part of 
the overall goal, notch up your time schedule for the rest. 

When you’ve chopped your goals down to size, and 
announced them, work out a set of rewards that you 
can offer yourself. They can be as simple as keeping 
yourself away from an enjoyed experience—anything 
from a ballet to a martini—until you have finished a 
scheduled number of pages of that paper you’re working 
on. Or you can decide not to take that golf weekend until 
Project X is all wrapped up. Any doctor will tell you 
that this is good advice. No relaxation does you more 
good than that which can be enjoyed with the sense of 
task completed. 

This system of rewards is especially useful for the 
man who switches from task to task. It combats the 
tendency to leave all tasks incompleted in the false glow 
of accomplishment on each one. The carrot technique is 
a strong incentive to wrap up some of the unfinished 
business and get on to other things. 


Create an Environment Conducive to Productivity 


Assume some added responsibilities. It’s no accident 
that, on average, the married man tends to move faster 
than his bachelor stablemate. Property ownership, ex- 
pensive hobbies, and the like are typical ways to make 
yourself want to do more—and earn more. 

One top officer of a company comments: “I get my 
junior executives interested in golf, because I know they 
can’t afford a country club. I want them to redouble 
their efforts so they can’’. 


Assuming financial responsibilities can go too far. 


The assumption of financial responsibilities can, of 
course, be carried to an absurd extreme that would be 
harmful to the peace of mind and working effectiveness 
of the individual. In most cases, all that is really needed 
is a mental linking-up of already existing loads with 
your work, to turn them into a positive incentive. 

Another way to create a favorable environment for 
more personal production is to deliberately associate with 
people as able or abler than you are. The fellow who gets 
an idea that he’s more competent and alert than most 


at 


of his friends falls into a slough of self-satisfaction tha 
isn’t going to stimulate him to any greater efforts. Cop. 
stant association with active minds and active careers, 
however, gives ambition and pride that added jog thai 
leads to higher personal productivity. 


Don’t surround yourself with yes-men. 


A technical manager who surrounds himself with “yes 
men” is almost certain to be one who is failing to use 
his talents most effectively. 

Another environmental trick is to consciously identify 
yourself with good reputations and traditions to live up 
to. The young engineering student who comes from a 
family of distinguished engineers probably has less spe- 
cial aptitude for engineering than he has a built-in drive 
to emulate his distinguished forebears. 

Sometimes, the sheer desire to maintain one’s own 
company’s reputation in a particular field will turn the 
individual executive—with, perhaps, not a single share 
of stock—into a whirlwind. 

Ofttimes, an individual can accomplish this same re 
sult even if he lacks readily identifiable grounds for 
ancestor worship—or even company pride. He can create 
for himself a particular kind of reputation which he 
then proceeds to live up to. For instance, a man with 
the reputation for punctuality makes it a matter of pride 
not to be late. The newspaperman with a pride in making 
deadlines doesn’t often miss them. 

Some psychologists will argue that all this super 
charged performance and hopped-up motivation is heady 
wine for the average individual if he wants to live a 
long and healthy life. The answer is that this is nota 
prescription for an average individual, but rather one 
for a superior individual whose whole raison d'etre is 
based on accomplishment—which iis only another word 
for productivity. Further, these tricks are not recom- 
mended for those who have not already learned to plan 
and organize a specific project. Over-motivation and job- 
hopping, without real ability and organized habits, can 
be completely disastrous. 

Supercharging available energy can at once be fu 
and challenging to the well-grounded and competent pro 
fessional in any field. It is only those who do not belong 
in the managerial branch at all, that this method can 
throw into a case of the jitters. 

Just as one river has more available water than at 
other, so do individuals have varying ranges of energy. 
But the fact remains that very few of us are tapping 
our real potentials. Used judiciously, the techniques de 
scribed above will almost certainly dig deeper into energy 
reserves and increase the usefulness and productivity o 
the man or woman who uses them. END 


A few reprints of four previous articles by Mr. Villalon are 
available at 25¢ each. Check the reprint ad on p. 44. 
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3000°C 


of “pure” heat... 


FOR HIGH-TEMPERATURE RESEARCH 


This is the new ADL solar furnace — a compact, flexible 
tool engineered for immediate application in high-tempera- 
ture research. 

With its highly polished, stellite-coated 60” paraboloid 
mirror, the furnace focuses the sun’s rays into a spot of 
“pure” heat 6 millimeters across — a spot where tempera- 
tures reach 3500°C — half the surface temperature of the 
sun itself. 

This is “pure” heat . . . since the test sample needs no 
crucible, there is no problem of contamination from a con- 
tainer, or from furnace walls. The high-temperature area 
can be sharply defined, and the desired temperature ac- 
curately controlled. 


Heat can be turned on and off quickly, or maintained for 
hours at a time. Temperature and heat flux measurements 
are convenient and easy to make by means of instruments 
inserted through the viewing port at the back of the reflector. 
An experiment may be repeated within seconds by moving 
an unreacted part of the sample into focus. Adjustable- 
speed motors rotate the reflector on the horizontal and 
vertical axes. 


The furnace can be modified to mect individual customer 
requirements. Arthur D. Little, Inc. invites your inquiries. 
Write: 


Arthur D.Little, Inc. 


30 Memorial Drive, Cambridge 42, Mass. 
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R/E INTERVIEWS KINZEL OF CARBIDE ON 


Duties of a V.P. of Research 
Optimum Size of an R/D Lab 


The Pros and Cons of Contract Research 


Foreign Recruiting—Be Wary 


QUESTION: How do your present 
duties as Vice-President differ from 
those of your old job, Director of 
Research? 


ANSWER: The Director of Research 
is primarily concerned with the prog- 
ress of work in the laboratories and 
the nature of the programs, whereas 
the Vice-President of Research has to 
do with overall research policies, total 
approach to the question of what, 
when, and how much. 


Do the heads of research for the 
various divisions of Union Carbide 
report to you, the presidents of their 
companies, or to both? 

The Vice-President for Research of a 
division reports directly to the di- 
vision President. However, the re- 
search programs are reviewed in the 
Central Administration Department 
with respect to balance and context. 


Does each division of Union Carbide 
set its own budget for research, or 
do you divide some total research 
stipend for the entire company? 

Our divisional laboratories operate 
with two sources of funds. One of 
these is the division proper. It ac- 
counts for about 80 per cent of the 
total in each laboratory. This sum is 
set by the division and approved by 
the Research Committee and Central 
Administration. The other 20 per cent 
is allocated directly by the Central 
Research Administration and the Re- 
search Committee. In each case the 
important factor is the program, and 
the allocation of these sums is really 


determined by the overall program. 

I understand that Union Carbide be- 
lieves in a decentralized system of 
laboratories staffed by less than 150 
technical personnel each. Is this still 
true? Is your big new lab at Parma, 
Ohio, a departure from this practice? 


The first statement is broadly true, 
but requires explanation. We believe 
that the optimum size of a laboratory 
is about 125 (150 maximum) techni- 
cal people, depending upon the type 
of work. This may mean a total of as 
little as 250 or as many as 600 or 700 
employees. Parma is within these 
limits. We have just announced plans 
for a Central Research Laboratory to 
be devoted exclusively to basic re- 
search. This will supplement the di- 
visional laboratories, but we do not 
plan that this laboratory will be 
larger than a divisional laboratory 
now or in the future. When one of 
our divisional laboratories reaches the 
maximum size cited above, a new labo- 
ratory is started in a new location. 
The recent establishment of a labora- 
tory for the Linde Air Products Com- 
pany at Speedway, Indianapolis, to 
include a portion of the work under- 
way at Linde Tonawanda, is illus- 
trative. 

How do you evaluate a research 
project? 

The decision as to whether to put a 
research project into production is 
based on an engineering analysis, an 
economic analysis, and a market 
analysis. Various techniques are used 
in each of these, but, in the last analy- 


Dr. Augustus Braun Kinzel, 
Vice-President of Research, 
Union Carbide and Carbon Corp. 


sis, none is better than the total of 
the facts which can be collected and 
in a truly new production venture 
such facts are apt to be either meager 
or debatable. There is little that is 
black and white. Individual judgment 
is the final answer. 


How far along in the stages that 
lead to a marketable product do 
your research people follow a new 
product they originate? 


Research is involved with growth and 
this includes the growth of people. 
Some researchers grow in research. 
They may find that after a number of 
years of research they prefer to get 
into production, or possibly sales. It 
is not uncommon for a researcher to 
transfer permanently to Developmeat 
with a project that he has originated 
and for which he has been responsible. 
Similarly, it is not uncommon for one 
of our Development people to transfer 
to Production or Sales, if the product 
or process on which he has been work- 
ing progresses to that stage. In any 
case, R/D people feel that while they 
would prefer to relinquish all re 
sponsibility when a product is trans 
ferred, experience shows that they 
must stand by to help when special 
problems arise. Our titanium project 
is an example. More than one re 
searcher was transferred to Develop- 
ment by mutual consent when that 
project went from Research to De 
velopment and more than one De 
velopment man was transferred 0 
Production when the plant was built. 


(Continued on page 18) 
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“Metallized and Laminated 


Mirro-Brite “MYLAR” is a new development that offers unlimited ilities in de- 
sign effect and new sales potentials for manufacturers of all types of products. As you 
can see, it has unusual tensile strength as well as eye-attracting beauty . .. and it’s 
most economical to use. 

Extremely versatile, Mirro-Brite “MYLAR’”’ can be processed in countless ways. nen is 


available in a wide variety of color finishes, embossed patterns and special effects . 
in continuous rolls or cut-to-size sheets. 


Send for illustrated sampler and price list. 


COATING PRODUCTS 


DEPT. RE6 101 WEST FOREST AVENUE ENGLEWOOD, N. J. 
*Mylar is DuPont's registered trade mark for its brand of polyester film. 
ALSO SUPPLIERS OF MIRRO-BRITE, BUTYRATE, ACETATE, POLYSTYRENE & ETHYLCELLULOSE 
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For Turbo-Jet 
or Prop-Jet 


COMPACT 


e ¢ ¢ Reads Jet Engine Speed to Guaranteed 
Accuracy of 10 RPM in 10,000 RPM (+0.1%) 


The inter-relation of RPM to efficiency and thrust in jet engines is 
fundamental. Proper adjustments for maximum thrust, engine 
life and safety of operation can be made only upon accuracy of 
instrumentation. 

The new B&H Takca_ incorporates a refinement of the frequency 
meter principle. It operates in the low (0 to 1000 cps) range, 
reading the frequency of the tachometer generator on a scale 
calibrated in percent RPM corresponding to the engine’s RPM. In 
addition, the TaKcaL checks the tach system. The TAKCAL circuit 
and tachometer are parallel so that readings can be made simul- 
taneously to determine the accuracy (or inaccuracy) of the air- 
craft’s tach system. The TAKCAL operates during the engine run 
to properly set up engine controls for maximum economy and 
safety. 

The TaKCAL’s component parts are identical with those used in 
the J-Model Jetcat Analyzer. They are here assembled as a 
separate unit tester and for use with all earlier models of the 
JETCAL Tester. 

The TAKCAL operates accurately in all ambient temperatures from 
—40°F. to 140°F. Low in cost for an instrument of such extreme 
accuracy, it is adaptable to application in many other fields. 


Checks 


Tachometer 


System 


Adapts 
to any 


Frequency 


Problem 


Explosion-proof TAKCAL 
for special applications. 
Measures 200 to 7500 
RPM, direct reading, with 
accuracy. 


For jull information write or wire 


B&H INSTRUMENT Co., INC. 
Office: El Segundo, Col 3479 West Vickery Blvd., Fort Worth 7, Texas 
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These transfers were on a permanent 
basis. Fortunately, in this instance, 
comparatively little additional help 
was required by the Production peo- 
ple. However, one problem did plague 
them—hydrogen content, where the 
initial specification had been seriously 
tightened. R/D undertook a serious 
study and solution. 


Despite all the many research groups 
in Union Carbide, do you ever con. 
tract research problems to organiza. 
tions like Stanford Research or the 
Mellon Foundation? 


We have had contracts with Mellon 
ever since Union Carbide was formed 
in 1917. Our philosophy is to use con- 
tract research when both the people 
and equipment at such an institution 
are peculiarly adapted to the problem 
and when our own people either fail 
to meet this requirement or are pre- 
empted on some other problem. 


Does Union Carbide have research 
contracts with laboratories in Ev. 
rope? Have you been or are you 
thinking of setting up any European 
labs? 


In answering the previous question, 
I should have added that one disad- 
vantage of contract research lies in 
the fact that the experience and fre- 
quently the by-products, both of which 
are very important, do not accrue to 
the contractor in full measure. This 
applies to an even greater degree 
when we go overseas. Nevertheless, 
we do have a few such contracts in 
Europe with a few people who have 
shown extraordinary ability and cre 
ativity. In addition, we have a very 
substantial contract with European 
Research Associates, an international- 
ly staffed basic research laboratory in 
Brussels. This is our approach to the 
problem of utilizing European brains 
and skills. 


Are you recruiting any research 
people in Europe? How are they 
working out? 


We have been, and are, recruiting re 
search people in Europe. Obviously we 
select the cream of the cream 
there is no question about their tech- 
nical ability. However, many of these 
people find it difficult to adjust to the 
American way of life and a 
number of them return to Europe to 
soon. The individual should have 4 
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desire to come to the United States, 
even before he is approached. 


What avenues of advancement are 
open to your R/D personnel? 


In our research laboratories we have 
two progress ladders, one administra- 
tive and one scientific. The researcher 
is encouraged to progress up the 
sientific ladder and, as a matter of 
interest, there are cases in which our 
non-administrative scientists have 
higher remuneration than the local 
administrator. 


Are you doing any work on batter- 
ies for very high-temperature opera- 
tion such as in missiles or high-speed 
aircraft? How about atomic cells? 


The National Carbon Company covers 
the entire field of batteries. Not only 
do we do research with respect to in- 
dustrial goals, but also with respect 
to military goals. Some of this is done 
on our own initiative with Union Car- 
bide money, and some of it under 
government contract. Our first study 
of ways and means of getting light 
from an atomic source dates back a 
good many years, and we believe it 
will be a good many years more be- 
fore atomic energy can be used in a 
practical way in small devices. 


How do you fee! about the possibility 
of Russia gaining and maintaining a 
technological lead over the United 
States? 


The Russians have always been known 
as good chess players. This shows that 
there is nothing wrong with their 
basic logic. They’re also known to be 
creative. They have shown extreme 
good sense in elevating the position of 
the scientist in terms of prestige and 
income. This is bound to reflect in a 
quantitive increase of scientific ac- 
complishment. It behooves us to mend 
our fences with respect to loss of 
talented people to non-scientific fields. 


Thank you, Dr. Kinzel. 


One of the nation’s leading research 
metallurgists, Dr. Kinzel pioneered in 
the theory of stainless steels. Recent- 
ly he spearheaded the research that 
led to the development of Union Car- 
bide’s new process for making ti- 
lanium. He has served as a consultant 
lo the various A. E. C. installations. 
A holder of doctorates in science and 
metallurgical engineering from the 
University of Nancy, France, Dr. 
Kinzel has lectured throughout Eu- 
rope. Born in New York, he took his 
first degree at Columbia in math. 
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WHEREIN KINNEY 
HIGH VACUUM OFFERS EXTRAS FOR YOU 


/ QUALITY OF PRODUCT 


UNIFORMITY 


INCREASED PRODUCTION 


SOUND ECONOMY 


The vast experience of KINNEY engineers in Vacuum tech- 
nology, as well as the vastly broader range in KINNEY High 
Vacuum Equipment, are self-evident advantages to you in the 
development of any project involving High Vacuum. KINNEY 
builds the most extensive line of Pumps in the world. There are 
sizes and models in KINNEY Pumps which enable you to virtu- 
ally “custom tailor” your system with a Pump precisely suiting 
the need. For project or production — the sound answer in High 


Vacuum is — KINNEY. 


HIGH VACUUM 
PUMPS 


The range of sizes in KINNEY Oil 
Sealed Mechanical Pumps extends 
from small laboratory units devel- 
oping pressures to 0.2 microns to 
large production two-stage Me- 
chanical Booster Pumps providing 
ultimate pressures of 0.1 micron. 


Additionally, there is a full ran 
of sizes in high ormance Diffu- 
sion Pumps in both Fractionating 
and Non-Fractionating Types. 


HIGH VACUUM 
EQUIPMENT 


Completely engineered standard 
units for Coating, smerny Cath- 
odic Etching, Sputtering, Crystal 
Growing. Vacuum Furnaces for 
Casting, Melting, ing 
Refining. High Vacuum Distillation 
Equipment — Ultra-high Vacuums 
for Nuclear Reactors. Engineering 
and building special systems for 
individual requirements. Or, the de- 
velopment of —— High Vac- 
uum Systems for high production 
and maximum automation. 


MOEN WEY mes. vivision 


36428 WASHINGTON STREET + BOSTON 30 + MASS. 


|THE NEW YORK AIR BRAKE seneee? 


| Kindly send me literature describing new developments in 


| ©) KINNEY High Vacuum Pumps () KINNEY High Vacuum Systems 
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George H. and Paul S. Amber 


“I often say that when you can 
measure what you are speaking 
about, and express it in numbers, 
you know something about it. But 
when you cannot measure it, when 
you cannot express it in numbers, 
your knowledge is of a meager and 


unsatisfactory kind.’’—Lord Kelvin 


Energy required to 


None. Replaces no 
machine 


human energy or con- do basic 
trol function. 


Includes all hand 
tools. They increase 
worker's _ efficiency, 


All energy required 
to do basic machine 
function. Also avuto- 
function. matic feed. 


Automation is like electricity: everyone uses it or 
talks about it but no one is quite clear about what it is. 
But that’s not very important if, as Lord Kelvin pointed 
out, We can measure it. 

This Automation Yardstick is an attempt to measure 
the degrees of automation. 

The two basic units of automation are: energy, which 
does the work; and information, which controls the 
energy. We understand automation to be the sum of 
the individual automaticities of all stations or machines 
in a manufacturing process. The order of a machine's 
automaticity is raised by its ability to duplicate another 
of man’s faculties. 

Like the Fahrenheit scale’s F, the Automation Yari- 
stick’s symbol is A: and the subscript gives the degree 
of automaticity. 


The First Three Orders of Automaticity 


A, is the zero order of automaticity. Hand tools are 
in this category. They are aids to man’s working ability. 
They supply no energy—merely converting the energy 
put into them by their user’s hand—and they certainly 
supply no information. They do not act in accordance 


Controls the machine. 


Mecsures 


Monitors machine pe. 
formance. 


but replace no human 
function. 


Includes all hand en- 
ergized machines. 
They give mechanical 
advantages, but re- 
place no human func- 
tion. 


Shovel, knife, ham- 
mer, pliers. 


Block & tackle, pencil 
sharpener, bow & 
arrow, pump, can 
opener. 


Uses mechanical pow- 
er source, but ma- 
chine feed and con- 
trol completely de- 
pendent upon opera- 
tor. 


Cement Troweling 
machine; bench saws; 
pneumatic drill; port- 
able electric tools; 
floor polisher; wood 
lathe. 


Uses 100% mechan- 
ical power, but op- 
erator must do com- 
plete set-up, and on- 
off and control. 


Radial drill, bench 
lathe, power hack 
saw, pipe threading 
machine. 


Completely self act- 
ing—the first true av- 
tomatics. Open-loop 
performance. 


performance, com 
pores to a stondet 
corrects machine 
necessary. Cont 


trol performance. 
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«| [| information. Therefore hand-powered machines—knives, machines, automatic die-casting machines and automatic- 
srew-drivers, egg-beaters—and foot-powered sewing ma- cycle machine tools. 
chines are Ap. | 
A, machines are the power tools. These provide most What Is Control? | 
of the energy required to do a job, but still require the Control in its simple form consists of turning-on or | 
* guiding hand of a human operator to direct it, feed it actuating a station; or as in the case of the turret lathe, | 
of material, and so on. So inasmuch as they supply one transferring from one operation to the next on the same 
‘a human faculty—the energy for a job, hand drills, power machine. Obviously, a control function built into an As; 
5 SAWS, jack hammers, punch presses, are A). machine, such as a modern automatic-cycle machine tool, 
am Adding power feed to power tools raises them to the can also be used to actuate the control system on a suc- 
next order of automaticity, A,. Control is still the opera- ceeding machine. Whenever we have a series of As; ma- 
i. tor’s job, but once the work is in place and the tooling chines with integrated sequential control systems, we 
oo § set UP, all he needs to do is start, stop, or change, the have automation. 


with built-in instructions, and so contain no significant 


machine’s controls. The machine is supplying all the 
energy needed to perform its work. 

Once we have power drive and power feed, the next 
logical step is to have the machine control itself. Ma- 
chines that control their operations have the third order 


system. Examples of A; machines are automatic nail 


“Detroit” automation is largely of this type. Most of 
the individual machine tools are As. The machines are 
coupled together by conveyors, indexers, manipulators 
and positioners. These transportation machines between 
the machine tools proper, are also A, because they are 


‘ of automaticity, As. completely automatic, providing all necessary energy; 
. At last man can stand back and see a machine do an and by means of built-in routing and guides, the neces- 
i entire job, without his intervention. The information or sary pre-programmed information, too. Automatic, con- 
. how to do the job and the skill to do it, are built or set tinuous-manufacturing special-purpose machines are on 

into the machine function, the tooling and the control the A, level. (Continued on next page) 
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from its Machine comes 
¢ control is based on automatic and forms modes of Machines give the or- 
jowt on automatic solution of complex different eperation beyond tive concepts, and can ders to the operators 
a of contro! formal condi- tual experience, re- work beyond its pro- and designers. 
tions (A5 and Aé sembles intuitive op- gramming. 
ovaries). techniques. eration and judg- 
ment. 
special-purpose 
machine- 
Telephone circuits, Automatic Opero- 
mio pin A paper talk mo- tions Research mo- 
com- elevator controls, cy- chine, theoretically Machine reproduce 
on Torbine fuel controls, possible but has themselves. 
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The information built into a machine is a form of 
programming. An automatic screw machine obeys the 
program determined by the sequencing and set-up of the 
tools on the turrets. An automatic milling machine may 
follow the program represented by a master profile. No 
machine classed lower than A, can follow any built-in 
program, no matter how simple it is. Such A; program- 
ming is always accomplished by “hardware”, straight 
mechanical, electromechanical, or electrohydraulic de- 
vices, such as followers and piece part duplicators. 

Whenever the machining program is in the form of 
paper tapes, magnetic drums, punched cards, or other 
programs that are not physically set into the machines, 
automaticity greater than A, is usually required. This 
is because: one, some computations may be necessary to 
fle-code non-hardware programs, as from paper tapes; 
and, two, the machines using taped programs are usually 
of the closed-loop, self-correcting feedback type. 

For all practical purposes, today’s automation is al- 
most entirely A3. The machines are usually arranged so 
that the output of one machine feeds into the input of 
the next. In diagrams such automation resembles the 
tails-and-trunk line of circus elephants on parade. 


Open- and Closed-Loops 

We know that complex A; automation systems conform 
to the program designed into them faithfully. Too much 
so at times. The principal drawback of Ag; is this blind 
conformity characteristic. The machine goes right on 
operating, even if the tool is defective, or the parts fall 
outside of limits. 

This characteristic of not automatically checking on 
machine performance is called open-loop by control de- 
signers. The A; machines are all open-loop, excellent for 
most routine heavy manufacture—not quite precise 
enough, or sufficiently flexible, for high-accuracy re- 
quirements. 

Machines that check on their work can be said to have 
some judgment. These completely automatic closed-loop 
machines have the fourth order of automaticity, Ay. 
They monitor their own output, automatically correcting 
their settings when necessary. Or, as in the case of some 
automatic honing machines, they continue with their 
function until the part is to proper size. A, machines of 
the self-correcting type, are most frequently encountered 
in continuous processes. To be properly classified, A,, the 
feedback (self-correcting signal) must refer the basic 
work being performed to a standard. Any necessary 
linear corrections can be made by means of power servo 
actuators. An incidental non-basic self-regulating feature 
of a machine, such as adjustment of speed, temperature, 
or voltage, does not necessarily make it A,, since only 
the machine and not its product is directly affected. 


Probability Effects 


We know that the dimensions of parts produced on a 
machine usually exhibit a natural tolerance caused by 
the intrinsic non-assignable variation of the machine. 
Therefore, the dimensions of individual parts are usually 
of a random nature within the machine’s dispersion zone, 
following the normal probability curve. The size of any 
individual part may fall anywhere from the high- to 
the low-tolerance limit and still be acceptable. Having a 
sensitive, closed-loop, self-correcting A, machine respond 
to individual measurements will only cause it to chase 
from one dimension to another. The result is that the 
machine’s dispersion pattern is amplified. The closed- 


George H. and Paul S. Amber are the design firm, Amber 
Brothers, Inc. They are the authors of Control Com. 
puters, a book dealing with the use of machine contro 
computers for automation which will be published by 
Ronald Press later this year. They have published severa 
articles on automation in the trade magazines and hav 
delivered their Yardstick for Automation before th 
Society of Automotive Engineers. 


loop self-correcting A, machine could produce more r. 
jects than a conventional As; machine, without feedback, 
if the A, control system is not adequate. 

One solution for having self-correcting features with 
out the drawbacks of over-correction is to have the 
machine remember a part dimension, and not initiate 
corrective action until 2 or more parts indicate a definite 
trend or drift that must be corrected. This is known a 
post-process zone control. 

Another solution is to compute the machine mean, 
the centerline of machine performance, for use as 3 
self-correction index, instead of using an_ individual 
piece-parts measurement. This can be accomplished by 
means of small built-in special purpose analog computers. 
The computer calculates the machine-mean by averaging 
individual measurements. An advantage of a compute 
machine-mean is that the same computation is usable 
for an automatic quality control computer. 


Fifth Order of Automation 


A computer is a machine’s program control system for 
the fifth order of automaticity, A;. These machines d 
not depend on a direct control or feedback signal. In- 
stead, they respond to a mathematical function of either 
the control or feedback signal. 

A; machines can compute the machine-mean to be 
used as a reference for self-correcting machines, or to 
be used for further automatic quality control compute 
tions. Such machines, with small built-in special purpose 
computers could do some of the routine design of the 
product they produce. Examples are punch presses that 
automatically position the stock so that the maximum 
number of piece-parts can be stamped out of the mini- 
mum amount of stock. Or, machines that design, and 
fabricate a wide range of shock absorbers, in accordance 
with dial settings of damping rate, travel, and frequency. 

A machine tool with a built-in automatic machinability- 
computer would be another example. Such a machine tool 
would remove metal at the fastest permissible rate, tak- 
ing into account the tool, surface speed, material, and 
other machinability variables, even if they are cor 
tinuously changing. 

The next big step in automatic machinery and auto 
mation involves A, machines. They may be years away, 
but only because of the normal inertia of industry, and 
the big investment in present machine tools. But the 
trend is toward A;. And what’s more, the techniques an 
hardware for making up the many small analog com 
puters necessary to A; machines, are already at hand. 

From A,, automation machines move into the stuf 
of daydreams, through nightdreams (A,), and on into 
nightmares (Ag, Ag, Ajo): END 


Tearsheets of this and other articles appearing in R/E at 
available free to our readers. You can request one 

of each article in this, the January, 1957, and all twelve 19% 
issues from Editorial Offices, RESEARCH & pg 
South St., Stamford, Conn. Complete copies are one 
each in limited quantities. 
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memo to chemical management... 


‘ 


How to Expand Production 


without additional capital investment / 


Consider these typical examples: 


1, You plan to step up production 
of one of your present products. The 
manufacture involves intermediates. 
Your plant site is limited. There 
may be no need to buy additional 
land or move your plant! Here’s what 
a number of Baker & Adamson cus- 
tomers have done. They have aban- 
doned production of intermediates 
and purchased them instead from 
B&A. The space formerly devoted 
to intermediates is now used more 
profitably and efficiently for expanded 
production of their end product. 


2. You plan to produce a new prod- 
uct. One or more “special” chemicals 
form part of the manufacturing proc- 
ess. In most cases, you will save time 
and money by buying these chem- 
icals from B&A rather than making 
them yourself. Baker & Adamson is 
fully equipped to supply “custom- 
made” chemicals for such needs. 


if either of these examples repre- 
sents a situation you will soon have 
to resolve, we will be glad to explain 
in detail why you should call on 
Baker & Adamson. Here, briefly, are 
a few of many excellent reasons: 

Jf As the country’s leading producer 


BAKER & ADAMSON® 
Fine Chemicals 


GENERAL CHEMICAL DIVISION 
. ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


of extremely high purity laboratory 
reagents and fine chemicals, B&A 
can be depended on to meet your 
every requirement for fine and spe- 
cial chemicals in either L/C/L or 
tonnage quantities. 

v B&A’s versatile, adaptable facili- 
ties now produce several hundred 
products . . . are well equipped to 
supply “custom-made” chemicals for 
virtually every need. 

/ B&A’s 27 sales offices and coast- 
to-coast chain of warehouses assure 
you of dependable, local service. 


We invite your inquiries. 


Offices: Albany* * Atlanta * Baltimore* * Birmingham* * Boston* * Bridgeport* * Buffalo* * Charlotte* * Chicago* » Cleveland* + Denver* + Detroit* * Houston* 
Jacksonville * Kalamazoo ° Los Angeles* * Milwaukee * Minneapolis * New York* * Philadelphia* * Pittsburgh* * Providence* * St. Louis* * San Francisco* 
Seattle * Kennewick* and Yakima (Wash.) I» Cenede: The Nichols Chemical Company, Limited * Montreal* * Toronto* * Vencouwver* “Complete stocks carried here. 
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It takes time to SAVE time. 
We appreciate yours, in 
casting this ballot. We 
sincerely believe it will be 
returned many times over 
in the coming year, as we 
continue to save your time 
by providing a one source 
resource for management 
of product and process 
development in ALL 
fields of industry. 


PUBLISHER 


nisssG again in 1957 
'show R/E covered the MANAGEMENT side of product 
mi process development—26 different articles on 26 different 
mbjects! An average of more than two a month. mensuremente, 
CAST YOUR BALLOT by telling us: 
Executive Hea ourteen Ways to Maintain ! J. A. Villaton Thao ; 
Research and Resources in the South—by Frank S. Soday 
Practical Tool for Project Evaluation—by Hilary Moss (0) helped 
ome it: ' 2 What subjects you are particularly interested in... 
whet. te what matters you would particularly like 
waRCi to have a report on. 
Handle the Difficult Person in Engineering 
uis J. A. a 
|. Economics Research in Development Programs—by John Rivoire B A 


3 Upgrading Technicians: More R/D Managers are Doing It 
| by Melvin Mandell 
APRIL 
3 and Manpower in Industrial R & D—by H. Wood | : 
he's Your Organizational Quotient?—by Luis J. A. Villalon 4 Mr. Wm. H. Relyea, Jr., Publisher 
MAY 1 Research & Engineering, 103 Park Avenue, N. Y. 17, N. Y. 


Do You Rate As An R/D Manager?—by Emery 
The Management Consultant: Help for the Busy R/D Manager as ° 
by Samuel D. Hobbs Dear Mr. Relyea: 
JUNE HERE’S MY VOTE ON 1956 
1. Research and Development for Profit—by Melvin Mandell A 
Design Time and Money—by Gerson Friedman and Isaiah Eisen 1 No. of Article | 1 | 
JULY ) Liked exceptionally well 
A Research Information Center—by Herman Skolnick Very interesting 
The Challenge of Frontier Products Research mely helpful 
by William E. Hill and Warren B. Riley Extremely 


+f "1. The Formulation of Problems in Research—by Alfred M. Freudenthal Helpful background stuff 


AUGUST A 
j High Temperature: Tool for the Future. This was R/E’s special issue, No. of Article [15/16/17 |19/ 20 [21/22 


devoted almost entirely to all phases of high temperature i Liked exceptionally well 
in research, development and production, based on R/E editor’s 
; attendance at Symposium on high temperatures at Berkeley, Calif. ye ry ng 
SEPTEM Extremely heipful 
‘ 1%. Government R & D Contracts: Pitfalls and Procedures—by Max Hoberman yl Helpful background stuff 
nH 4% Water: A Review of Its Economic Importance in Industry i 
by Ronald C. Vickery GZ HERE’S MY VOTE FOR 1957 
OCTOBER ‘1 ~~ General subjects of interest 


Control—by Ronelio B. Lewis 
Snativity in R/D Teams—by Herbert A. Shepard 


Wall Street Looks at R/D—by Ora C. Roch! 


Cause and Cure of Executive Insomnia—by Luis J. A. Villalon 


How Much Is An R/D Boss Worth?—An R/E Survey—by Scott Nicholson 


So You're Going To Make A Speech—by Luis J. A. Villalon _ = 
AND-EVERY MONTH 
* The Column “Technical Management”—edited by Dr. Merrit A. Williamson = 7 
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YARDSTICKS 


Radome Tester 


A new radome boresight-error measur- 
ing system overcomes the serious prob- 
lem presented by beam deflection caused 
by the non-uniformity of the plastic 
radome wall. Automatically recording 
beam deflection as a continuous function 
of radome position, the new process 


Portable AC Millivoltmeter 

AC measurements to 50 microvolts are 
accurately made with a new portable, 
battery operated, transistorized milli- 
voltmeter. It is useful for in-the-field 
measurements for mobile equipment, 
general laboratory use, and as a broad- 
band amplifier. Twelve full scale ranges 
between .001 and 300 volts a-c are pro- 
vided as well as decibel coverage between 
—80 and +52 dbm. Usable frequency 
coverage is provided between 1 cycle 
and 5Mc. Fisher Research Laboratory, 
Inc., Palo Alto, Calif. 
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requires far less time and does not miss 


discontinuities often overlooked by 
manual, point-by-point measurements. 
The photograph shows only the Radome 
Holding Fixture. California Technical 
Industries, 1506 Old County Rd., Bel- 
mont, Calif. 
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Linear Potentiometer 


A new potentiometer has been designed 
for high performance in severe environ- 
mental applications. It provides com- 
plete flexibility in mounting provisions, 
mechanical travel and electrical charac- 
teristics. Resistance is 30,000 ohms 
+10%; linearity +0.2%; and resolution, 
.001; power dissipation to up 2w. This 
new model withstands temperatures 
from —65°F to +275°F; vibration 10g, 
10 to 1500cps; and shock up to 60g. 
Humphrey Inc., 2805 Cajion St., San 
Diego 6, Calif. 
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Pirani Vacuum Gauge 

A new one-to-four station Pirani vacuum 
gauge with a range from 1 to 2000 ni- 
crons Hg is direct continuous readings 
of the total pressure of condensable 
vapors and permanent gases. It has two 
scales—1 to 50 microns Hg and 50 te 
2000 microns Hg. The instrument has a 
new sensing tube which reduces zen 
drift, one of the greatest problems in 
previous hot-wire gauges. The tub 
operates at the very low maximum ten- 
perature of 250°C. Rochester Division, 
Consolidated Electrodynamics Corp, 
1775 Mt. Read Blvd., Rochester 3, N.Y. 
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Plotting Instrument 

A new precision instrument plots points 
along X and Y coordinates within .001” 
and is used for aircraft lofting, gage 
charts, and laying out small parts. Its 
also used to plot blades in a stack o 
flow patterns for turbine blades, to estab- 
lish coordinate positions precisely for 
chart makers, and to plot reticules & 
targets for instrument manufacturers. 
The working area is a 47%” x 47%" 
table. Radii from 12” to 40” can bh 
plotted. The pricker point unit has #7 
power microscope. Robert Sohngen, 210 
East Courtland St., Philadelphia 20, Pa. 
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Attenuation Reader 


Direct attenuation readings over the full 
waveguide bandwidth with greater speed 
and accuracy is now possible with a new 
precision variable attenuator. This com- 
pact unit operates over the complete 
frequency range of 50 to 75 KMc/sec. 
in RG98/a waveguide. The unit is cali- 
brated to 50db of attenuation, with bi- 
lateral matching. F-R Machine Works, 
Electronics & X-Ray Div., 26-12 Borough 
Pl, Woodside 77, N.Y. 


OR MORE DATA CIRCLE 30 ON PAGE 48 


EHF Microwave Source 


Anew line of EHF microwave genera- 
ors and sources, covering 18,000 to 50,- 
W0Mc, utilize interchangeable tuning 
mits which require no further adjust- 
ment after plug-in to the basic unit. 
The self contained instruments provide 
wor modulated signals of known fre- 
qwency for field or laboratory testing of 
microwave equipment, components and 
ystems. Polarad Electronics Corp., 43- 
%) 34th St., Long Island City 1, N.Y. 
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Plug-in-Strip 

A new model plug-in strip is equally 
suited for counting and data read-out 
plications. The decade counting, 10- 
Wire output strip, can be used in com- 
puters, punch card systems and multiple 
sequence pre-set counters for data proc- 
‘sing, recording and production con- 
tel. Construction of this unit enables 
mady combination with other strips to 
meet a wide variety of requirements. 
faird-Atomic, Inc., 33 University Rd., 
Cambridge 38, Mass. 


Servo Indicator 


A new, direct reading digital servo indi- 
cator supplies a highly readable digital 
counter type indication. Millivoltage or 
resistance changes are indicated swiftly, 
precisely, and the direct reading digital 
counter eliminates human errors from 
parallax and interpolation of reading 
that occur with dial and pointer scales. 
The Model 143 Indicator is excellent for 
measuring any linear variable where 
values change throughout a wide range. 
Some typical installations are now being 
used to measure the fuel flows and 
thrust of jet engines on static test 
stands. Gilmore Industries, Dept. 5011, 
5718 Euclid Ave., Cleveland 3, Ohio. 
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Low Frequency VIVM 

This vacuum tube voltmeter has a fre- 
quency range of 2 cps to 250kce and a 
full scale voltage range of 3mV to 1kV. 
The instrument is equipped with a 
galvanometer-attenuation switch which 
makes it possible to obtain fast needle 
response on all measurements above 
20cps while the necessary slow response 
is being maintained between 2cps and 
20cps. Millivac Instrument Corp., P.O. 
Box 997, Schenectady, N.Y. 
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Adds and Subtracts 

A new electronic decimal counter that 
adds and subtracts may be used for 
servo control, net weighing, digital po- 
sition control, ratio control, subtractive 
mixing, frequency deviation measure- 
ment, random events difference counting, 
digital to analog conversion, computer 
arithmetic elements and similar applica- 
tions. To do subtraction the operator 
enters the minuend, complements, enters 
the subtrahend, and complements a sec- 
ond time. Victor Adding Machine Co., 
3900 N. Rockwell St., Chicago 18, IIl. 


Transistor Tester 


A new portable transistorized instru- 
ment is used for measurement of tran- 
sistor parameters in circuit design and 
general trouble shooting. The unit has 
been designed specifically for measure- 
ment of Beta, h,, and I,,. Instrument 
is completely self-contained with its own 
lke oscillator and mercury cell power 
supply. Battery life of the mercury cell 
is about 1000 hours. The tester enables 
adjustment in direct reading calibrations 
to compensate for temperature varia- 
tions. Baird-Atomic, Inc., 33 University 
Road, Cambridge 38, Mass, 
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Low Power Decade Counters 
Operating from a plate supply of only 
150v de at 7.5ma from 0 to in excess 
of 100 kc, a new series of low-power 
decade counting units is now available. 
Filling a distinctive need for low power 
decade operation, the 100L Series will 
provide models for pulse, analog or 
binary output and they have been de- 
signed to be physically and electrically 
interchangeable with most existing low 
power decade counters, Specifications in- 
clude: Direct read-out in decimal nu- 
merals; Counting Rate: In excess of 
100,000 pulses per second; Pulse Pair 
Resolution: about 5 micro-seconds. Com- 
puter-Measurements Corp., 5528 Vine- 
land Ave., N. Hollywood, Cal. 
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Digital Comparator 


A digital comparator designed for use 
in digital servo control systems makes 
possible true digital control without re- 
course to counting techniques. In con- 
junction with a 13-bit or 19-bit shaft- 
position-to-digital converter, the com- 
parator can provide digital control 
through conventional servo amplifiers 
and motors. This makes possible the 
application of digital control to existing 
servo systems with a minimum of 
change of components. A 19-bit com- 
parator allows contro] to one part in 
524,288. The device is particularly use- 
ful for airborne applications. Since no 
relays or tubes are used, this comparator 
can be readily packaged for demanding 
environments. Norden-Ketay Corp., Com- 
merce Rd., Stamford, Conn. 
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organizing for effective R/D 


ROBERT K. STOLZ 


Is the organization of your laboratory essentially 
the same today as it was five years ago? If so, and 
if your staff is growing rapidly, there is a good 
chance that your organization plan is awkward and 
out of date, tending to hamstring your efforts. Here 
a leading management consultant gives his views. 


Judging from my experience, the typical researc 
and development laboratory is beset by far mor 
organization difficulties than are sales, manufacturing, 
accounting, or any other major function of busines. 
Nowhere else is it as difficult to hold an_ individual 
accountable for results. One finds conflict between 
project teams and the permanent laboratory staff; tw 
much administration and too little science; waste of 
scientific skills; and an unprofessional, unproductive 
atmosphere. 

Why do these conditions prevail in R/D? One re 
son, of course, is that many labs have grown too fast 
for their own good. Most of them arrived at their basic 
organizational setup when they were small—when the 
R/D manager had direct personal contact with ever 
scientist and every project. As the laboratories grey, 


ORGANIZATION CHART: KLINE, FRENCH LABORATORIES RESEARCH AND DEVELOPMENT 
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VICE PRESIDENT 
DIRECTOR OF RESEARCH 


WANACER MANAGER MANAGER 
CHEMISTRY METALLURGY AND ELECTRON PHYSICS 
RESEARCH CERAMICS RESEARCH RESEARCH 
DEPARTMENT DEPARTMENT DEPARTMENT 


MANAGER GER MANAGER 
GENERAL RESEARCH 


RESEARCH OPERATION 
DEPARTMENT DEPARTMENT DEPARTMENT 


At General Electric, research and development is decentralized in 
line with the decentralization of the company’s business operations. 
in addition, the company has a corporate research service organiza- 
tion (shown here) charged with keeping abreast of the world of 
science in fields of important current and future interest. This or- 
ganization does learning and teaching work rather than products re- 


search and development. 


they went beyond the point where one man could 
ralistically supervise all activities. Most companies 
filed to provide for this growth. As a result, re- 
gonsibility for the R/D effort became widely dis- 
yrsed throughout the laboratory. 


The Mistake of Mimicking 

Also, many technical managers have made the mis- 
ake of patterning their organizations after other 
partments in the company—sales, production, pur- 
casing and the like. This imitation frequently mis- 
irs, Research and development work its different. It is 
i professional, technical, problem-solving activity that 
ls Many unique organizational features. The stand- 
wd, essentially military, line of command is not suited 
lw the creative work of R/D. 

Finally, many companies try to force an organiza- 
tonal marriage between research and development. 
The two efforts are somewhat incompatible and it is 
iften difficult to mesh them smoothly. Over-all, re- 
varch is easier to organize than development. A basic 
msearch problem usually involves the penetration in 
iepth of a single highly specialized field. The develop- 
nent problem on the other hand, is broken down into 


component parts, each handled in a different section 
of the lab with total progress requiring continuous 
coordination on all fronts. Lead time on development 
problems is much shorter. This means that the ad- 
ministrative load of planning, scheduling, selecting 
personnel, etc., is heavier, and the development or- 
ganization must provide for this additional workload. 

How can the organization plan handle this growing 
work load? There is no simple, clear answer. But 
from my experience in a number of R/D organiza- 
tions, I believe that technical managers can accom- 
plish a great deal if they will take the following 
seven steps: 


Hold the Line on New Levels of Supervision 

Three levels—a laboratory director, research su- 
pervisors, and project leaders—are enough for a 
laboratory of about 150 professional people. Most of 
the pressure to add new levels comes from the desire 
for more hands. From the supervisor’s point of view, 
the obvious solution to his lengthening span of control 
is to break his department down into sections and 
appoint a section head over each one. This solves his 
immediate problem, but at the expense of adding a 
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new level of supervision. Organizationally, the better 
solution is to split the entire department in two— 
create two separate departments instead of one un- 
wieldy one. 

To have—as many laboratories have—five levels of 
supervision over the technical investigator is incom- 
patible with a creative atmosphere. There is, for one 
thing, the ever present temptation for the supervisor 
to supervise. Though the management philosophy may 
call for him to participate in investigation only in a 
consultative capacity, in actual practice he constantly 
violates this concept, with the result that he curbs the 
professional man’s independence. 

Also, when several layers of supervision separate 
those who decide what investigations are to be con- 
ducted from those who are doing the work, instruc- 
tions from the top tend to become garbled and 
misunderstood as they pass down the line. People who 
carry out the technical studies may actually work 
toward the wrong research objectives, or at best, 
proceed with the uncomfortable feeling of not being 
quite sure of what is expected of them. 

A drawback too, is that ideas generated at the 
bench get lost or misinterpreted as they pass up the 
line from level to level. Any member of intermediate 
supervision can kill a good idea with a big loud “no,” 
sometimes through misunderstanding, sometimes sim- 
ply because no one can put an idea across as well as 
the person who originated it. Thus, in passing of 
ideas up through channels, the personal driving force 
is lost. 

Responsibility becomes dispersed also. Too many 
supervisors leads to over-consultation, formality, and 
red tape. As one research manager said to me, “The 
more levels we added, the more difficult it became to 
get things done.” 


Set Up Independent Laboratories 

How can the R/D manager cut back if a laboratory 
already has too many levels of supervision? One good 
way is to break the laboratory down into smaller, 
autonomous units. This may seem like going to great 
extremes to keep the organization simple, yet a num- 
ber of companies are so convinced of the benefits of 
“smallness” for laboratory operations that they add 
new laboratories, rather than let established labs grow 
beyond a certain point. Union Carbide & Carbon has 
over the years adhered to a policy of limiting the size 
of its laboratories to about 125 professional people, 
adding new laboratories to meet the need for expanded 
effort in research and development. 


Subdivide Logically 

Not all R/D laboratories are alike. Each has special 
objectives, and the organizational breakdown must 
fit these special needs. 


Robert K. Stolz, a Yale gradu- 
ate, is a Senior Consultant with 
McKinsey & Company, Inc. A 
specialist in management and 
organization, he has worked 
with R/D laboratories of many 
leading companies in planning 
and organizing R/D activity. 


R/D subdivisions may be of several types; research 
versus development; or by major classes of research— 
(i.e., new-product development versus product im. 
provement); or by product line; or along divisional 
lines. It is important to choose the breakdown which 
best suits the R/D department’s needs. 


Clarify Responsibilities 

In laboratories that superimpose project teams upon 
an established functional organization, coordination 
problems frequently arise. For example, one section 
of a laboratory may be held up because another lab 
unit is lagging behind, or one section may find that 
its work on a project has been rendered obsolete by 
developments in another unit of the same lab. “It’s a 
minor miracle,” one senior researcher in a well known 
development laboratory said to me, “when we manage 
to tie one of our projects together at the right time 
in the right place.” 

Why do wires get crossed this way? Usually be 
cause of an imperfect blending of the project overlay 
with the basic functional or department-section struc- 
ture. The head of the project team, in theory, co 
ordinates the various steps in the project with the 
department and section heads. In practice, the dis- 
tinctions in responsibility between these two forms 
of organization are not clearly drawn. And as a result 
a fair amount of pulling and hauling is inevitable. 

Therefore, there is a need to clarify both responsi- 
bilities of the project organization and those of the 
established department and section supervisors. These 
two can live together in harmony only if (a) they 
have quite different jobs to do, (b) the differences 
in their responsibilities are clearly defined and wel 
understood by everyone concerned, and (c) each has 
the authority to carry out its assigned responsibilities 


Enlist the Help of Non-Specialists 

I believe that trained researchers are doing far 
more clerical, administrative, and routine work than 
is necessary. Much of their laboratory work could bk 
delegated to lab assistants. 

Dr. Wayne Kuhn, General Manager of the Research 
and Technical Department of the Texas Company, 
points out that his company’s laboratories have been 
working in this direction for some time. “We have found 
that we can go considerably further in turning over 
routine experiments to laboratory technicians than we 
once believed,” says Dr. Kuhn. “Not only does it save 
considerable time of highly trained personnel, but we 
frequently get a better job done on the routine jobs, for 
our better scientists aren’t particularly well adapted to 
repetitive work.” 

A great deal of supervisory time is also spent 
administrative work. In a recent time study, we found 
that 18 percent of supervisory time in one R/D depart- 
ment was spent on technical problems, 56 percent 
administrative, and about 26 percent on miscellaneous 
and waste. A good part of this work could have bee 
handled by a lay administrative assistant. If only a third 
of the administrative load had been assigned to at 
ministrative assistants, the amount of supervisory time 
available for technical problems would have doubled. 


Encourage Informal Relationships 

The objective here is to let each individual feel free 
to approach anyone else in the laboratory for help, dats, 
counsel, or an exchange of experience. A number 
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benefits result from this freer communication. 

First, each individual can find, through a process of 
trial and error, others whose counsel is stimulating and 
valuable. This builds up many productive relationships 
that could never exist in a laboratory that tended to 
york primarily through line channels. Second, this en- 
euraging of informal relationships allows the natural 
yaders to emerge and stimulates their growth and de- 
vlopment. Third, encouragement of informal relation- 
ships helps bring about an atmosphere that is both stimu- 
ting and productive of ideas. 


De-Emphasize Rank 

This can be achieved only if top laboratory manage- 
ment constantly demonstrates by word and deed that 
vhat a man knows and what he can do are more impor- 
tant than where he falls in the organizational hierarchy. 
Itis a subtlety of organization that recognizes that no 


guarantee that he will meet the requirements of his 
work, It recognizes also that in team effort there is the 
danger of conflict between the authority or organization 
and the authority of ideas. Thus, the de-emphasis of 
organization rank is necessary for an environment in 
which all individuals can get reasonably equal repre- 
sentation of their ideas. It also enables the individual 
who proves his ability to be assigned greater responsi- 
bility and achieve greater rewards without the necessity 
of making organizational changes. | 


R/D Organization ...a Chailenge 

The professional, creative, problem-solving nature of 
research and development work requires new approaches 
and new thinking on organization. This is an area where 
departures from the orthodox will pay dividends. In the 
final analysis, not just one solution but many are possi- 
ble. Finding the best plan requires careful study, im- 


wthority bestowed upon an individual by rank is a agination and sound judgment. END 
Now... 
better 
than 
ever 
high m pump 
For laboratory use ...in the exhaus- LONGER LIVED .. . Cenco pre- 
tion of larger laboratory appliances cision engineering and : 
either direct or in conjunction with sx il] insures lasting, trouble-free 
diffusion pumps. performance. 
For industrial use . . . in the produc- - 
iets ai Teaeil tube lights, tele- Provided with convenient oil drain. 
vision tubes and similar products. Cenco-Megavac No. 92003 mounted, 
MORE EFFICIENT... delivers 57 with motor, 60 cycle, 115-230 volts 
liters of free air displacement at 600 $242.00 
rpm with % h.p. motor. 
MORE COMPACT... only 174” 60 Cycle, explosion proof. $277.00 
x 10%” x 14%” overall. Other motor types also available. 
Order Today or ask for Circular No. 1268 
Central Scientific Company 
1734 IRVING PARK ROAD, CHICAGO 13, ILLINOIS 

BRANCHES AND OFFICES—CHICAGO NEWARK BOSTON « BIRMINGHAM DETROIT « 

SANTA CLARA + LOS ANGELES « REFINERY SUPPLY COMPANY—TULSA + HOUSTON 

CENTRAL SCIENTIFIC CO. OF CANADA, LTD. —TORONTO « MONTREAL « VANCOUVER + OTTAWA 
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CALIDYNE 
Bi model 174 SHAKER 


mee 1500 Ibs. force output 


a basic shaker 
for 6 different 
CALIDYNE 
Vibration 


Test Systems 


174/203 4/80 174/186 174/186 174/80 


Sinusoidal* Random or | Random or Sa 


Type Sinusoidal | Sinusoidal | Sinusoidal* Sinusoidal | Sinuseidal 


a Power Supply Electronic Rotary Electronic Electronic Electronic Electronic 


Force Output | 1250 bs. | 1500 lbs. | 1500 lbs. | 1500 lbs. | 1500tbs. | 1500 Ibs. 
Range 5-3500 cps. 5-2000 cps. 5-3500 cps. 5-3500 cps. 5-3500 cps. | 5-3500 cps. 
Max.lood 10g. | 10Sibs. | 130Ibs. | 130lbs. | 130lbs, | | 130 tbs. 
Max.toad20g. | 42.5ibs. | SSibs. | SSibs. | SSibs. | SSibs. | 55 Ibs. 


*Also adaptable for Random Vibration Testing. 


CALIDYNE'S Model 174 Shaker featuring high frequency operation 
and low input requirements has been so designed that it can be utilized 
in any one of six CALIDYNE Vibration Test Systems. 


The versatility of the Model 174 Shaker extends the range of vibra- 
tion testing for which this shaker can be used. It further advances 
CALIDYNE Systems of vibration control, enabling equipment man- 
ufacturers to: create vibratory forces over a wide range, measure 
them, use them for testing and measuring the test results. 


vibration testing of these Complete performance 
odel 174 CALIDYNE Shakers include: data on each of these 


1. Brute force shaking at frequencies simulat- 6 CALIDYNE Series 


ti 174 Shaker Systems 
ing the worst conditions of ultimate operation. ose conteland ta tow 


2. Structural response to determine mode Bulletin 17400. For 
pe, frequency and damping characteristics. —_ engineering counsel in 


3. Fatigue testing for high stress providi applying the 
defiections many times greater than norma destructive force of 
usage. vibration to your own. 


research and testing 
problems, call us here 
at CALIDYNE. 


4. Random vibration testing for more exact 
simulation of true environment. 


COMPANY 


120 CROSS STREET, WINCHESTER, MASSACHUSETTS 
SALES REPRESENTATIVES 
NEW ENGLAND, NORTHERN NEW YORK VIRGINIA, MARYLAND, WASHINGTON, D.C. ARKANSAS, LOUISIANA, ORLANOMA, 


F. Jodon, tac. TEXAS (Except Paso) 
Welthom, Mon. (Twinbrook 3.1400) Weshington, 0. C. (Oliver 2-4406) A. Green Co. 
3.7 Dollas, Texas (Riverside 3266) 
wy, t ISLAND, Houston, Texos Ueckson 3.1021) 
EASTERN PENNSYLVANIA Qe. 
G. Certs Enge! & Associote: Specie Equipme CAUPFORNIA, ARIZONA, COLORADO, 
Syowwet, 1, (Welnet 1.5095) WASHINGTON, IDAHO, WESTERN MONTANA 
Hill 68-0892) INDIANA, Gerold 8. Miller Co. 
OnlO, WESTERN PENNSYLV MINNESOTA, WESTERN KENTUCKY, Hollywood, Colif. (Hollywood 2-1 195) 
EASTERN MICHIGAN WESTERN MICHIGAN, DAKOTA, Sen Diego, Collf. (Academy 2-1121) 
Odell Compony S. DAKOTA, EASTERN IOWA Belmont, Colif. (Lyte! 3-3438) 
Westlake, Ohio (Trinity 1-8000) Hugh Marnlond ond Tecson, Arizona (Tecvon 4.4255) 
Deyton, Otic (Oregon 4441) Chicago, (Ambenedor 2.1555) Denver, Colorado (Acome 2-9276) 
Penne. (Freemont 1-123!) ind. (Glendote 3803) Albvaverque, New Mearo 
Detroit, Michigon (Broodwey 3-5399) Minneopolia, Minn, (Colfex 7949) 
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r/d contracts 


Atomic Center for Greece 


A new Greek National Atomic Energy 
laboratory will be named for Democritus, 
first proponent of the atom. Contract t 
design and build the nuclear researc 
reactor, near Athens, has been awarded 
to AMF Atomics, Inc., subsidiary of 
American Machine & Foundry Co. Con 
struction is scheduled to begin in Octo. 
ber, and the reactor to be placed in 
operation in the Spring of 1958. 


Research Contracts 


Twenty unclassified physical research 
contracts have been awarded by the US. 
Atomic Energy Commission, to universi- 
ties and private research institutions 
Three of these are new, the remainder 
renewals of contracts which have bee 
in force. 


New contracts are in force with: Uni- 
versity of Arkansas for the study of 
Structure of Liquids by X-Ray Dit 
fusion. Investigators are P. C. Sharrab 
and R. F. Kruh. Amount of grant, $16; 
445. 


Reactions Between Solid and Liquid 
Metals and Alloys are being studied at 
Harvard by Bruce Chalmers on a $23; 
770 budget. 


Non-Aqueous Solvents reactions ar 
being investigated by Helmut M. Haend- 
ler at University of New Hampshire @ 
a grant of $7,935. 


The following are renewals: 


Preparation, Structures and Proper 
ties of Heteropoly Ions, by L. ©. W. 
Baker, at Boston University, for $18,174 


Application of Isotopes in Chemical 
Kinetics, at University of Buffalo, 
G. M. Harris. Grant is $21,000. 


Synthesis of Beta-Diketones and Bets 
Ketoesters with Heterocyclic Nuclei, At 
University of Pittsburgh, by R. Lev 
under grant of $9,915. 


Structure of Metallic Liquids, Scope | 
—Ultrasonic Measurements of 
Metals and Alloys. Scope II—Galvane 
magnetic Properties of Liquid Alloys 
Columbia; Researcher, Robert B. 6 
don; grant, $7,120. 
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Photo courtesy of North American Aviation, Inc. 


Chopper simplifies 
missile telemetering 


How to get maximum performance in a 
tiny telemetering amplifier for guided mis- 
siles—that’s the problem that faced engi- 
mers at North American Aviation’s Missile 
Development Division. 

Their answer was a plug-in, etched-cir- 
uit, transistorized amplifier (above ), using 
the Bristol Syncroverter* chopper to convert 
de signals to a-c for radio transmission. 

Outstanding long life and immunity to 
shock and vibration are the big reasons en- 
gineers so often pick the Syncroverter chop- 
per—or similar polar relay—for 
nissile guidance and telemetering. And for 
air navigation computers, and 
aurier current switching, too, 

The Syncroverter’s output waveform is 
negligibly affected by vibration up to 30G 
wer the frequency range of 5 to 2000 cps. 

Ifyou ea a light-weight, rugged, reliable 
chopper; you'll find a wide variety of Syncro- 
verter performance characteristics available. 
Those below are typical. Write for complete 
data. The Bristol Com pany, 169 Bristol Road, 


Waterbury 20, Conn. 6.67 
*T.M. Reg. U.S. Pat. Off. 
TYPICAL OPERATION 
Driving frequency 0—2000 cps (400 cps 
range: used for these 
characteristics). 
Coil voltage : 6.3 V sine, square, 
pulse wave. 
Coil current: 55 milliampe-es 
Coil resistance: 85 ohms 
tPhase lag: 55° + 10° 
‘Dissymmetry : less than 4% 
tSwitching time : 15° + 
Temperature : — 55°C to 100°C 
Operating position: Any 
: Flange or plug-in— 
fits 7-pin miniature 
socket. 
tThese characteri 
mg eristics based on sine-wave | 


BRISTOL 


; rs and High-Spee 
Aircraft Pressure-Operated Devices 
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Thermodynamics of Metallic Solu- 
tions; Solid Solutions and Grain Boun- 
daries; Fundamentals of Cold Working 
and Recrystallization. Investigators, M. 
B. Beaver, M. Cohen and B. L. Averbach, 
at MIT. Grant is $112,300. 


Tracer Element Distribution Between 
a Solid and a Melt at U. Conn., by 
Roland Ward and W. C. Orr, $5,000. 


Isotope Exchange Reactions study by 
Clifford S. Garner continues at UCLA on 
a grant of $33,209. 


Electrochemical Studies of Non- 
Aqueous Melts. G. Derge at Carnegie 
Tech., $33,000. 


Measurement of Thermal Conductivity 
of Refractories, by F. H. Norton at MIT, 
under a grant of $35,100. 


Nuclear Reactions with Fast Alpha 
Particles, Neutrons, and Deuneutrons 
and a Study of Nuclear Structure. E. 
Bleuler, at Purdue Research Foundation, 
$62,170. 


Polar Inorganic Molecules. At Rutgers 
by E. R. Allen under grant of $15,323. 


Fundamental Study of Radiation Dam- 
age of Metals and Alloys by Means of 
Special X-Ray Difraction Methods. S. 
Weissmann and J. J. Slade, Jr.; Rutgers, 
$16,465. 


Radiochemistry research at Columbia 
University by J. M. Miller; $29,185 
grant. 


Physical Properties of Liquid Metals 
and Alloys. W. D. Robertson, Yale, $12,- 
250. 


Application of Adiabatic Calorimetry 
to Metal Systems. University of Ten- 
nessee, E. E. Stansbury. $7,800. 


Interreactions of Medium Energy Neu- 
trons and Polarized Photons in Matter. 
Frank L. Hereford at University of Vir- 
ginia. Grant is $20,900. 


The Permeability Method of Deter- 
mining Surface Areas of Finely Divided 
Materials. Luther Lyon, University of 
Wichita. No Fund. 


Lead in Ceramics 


Lead compounds in ceramics and 
ceramic coatings permit lower firing 
temperatures. The Lead Industries 
Association in New York has granted 
$2500 to the School of Ceramics, 
Rutgers University, to research the 
role of such compounds in ceramics. 


FURNITURE 


ANY 
SIZE, SHAPE 
OR TYPE OF 
LABORATORY 


Unitized furniture is made in a wide 
variety of standard stock units and acces- 
sories. They provide an almost limitless 
number of assemblies with which to meet 
the exact requirements of any size, type or 
shape laboratory. Once installed, they can 
be just as easily dismantled and re-assembled 
—together with additional units, if desired 
—to meet the ever-changing needs of a 
progressive laboratory. 


WRITE FOR FREE FURNITURE CATALOG 


FISHER 
SCIENTIFIC 


Boston Buffalo Chicago Charleston, W. Va; 
Cleveland Detroit New York i 
Pittsburgh St.Louis Washington Montreal - Toronto 


A ico’s iM facturer 
Laboratory 
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The next criterion has to do with the technicians ef- 
forts to improve himself through education. Is there a 
place on everyone’s personnel jacket for a record of what 
he’s done in this regard? Programs of further education 
are widely used today and they present an unparalleled 
opportunity for the engineer or scientist who wishes to 
get ahead. Programs can be arranged with nearby uni- 
versities, which will often offer courses in their extension 
programs. Correspondence courses, such as the Alexander 
Hamilton Course in Modern Business, LaSalle, or Inter- 
national Correspondence School also are available. Some 
of these programs lead to degrees. Others impart essen- 
tial information directed specifically to the business of 
the organization. 

Often courses are given by men on the staff. This has 
very beneficial results. The person teaching profits. And 
he is able to observe the interest and ability level in dif- 
ferent people. It lets him compare the brainpower from 
division to division. It also discovers who is interested 
enough in his work to take a course. 

In my opinion, the courses which scientists and en- 
gineers need most are courses slanted toward manage- 
ment: accounting, getting along with people, handling 
grievances, public speaking, elements of patent law, re- 
port writing, communications, etc. These are all a part 
of making a better professional man. Recognition and 
encouragement of these activities help to keep the staff 
alert and alive. In engineering, when a man feels he has 
arrived, then his utility is impaired. It may not cease, 
but it certainly will not increase. 


Outside Activities 

Participation in affairs of the community, local service 
clubs, company organizations, the Credit Union, com- 
mittee memberships, both within the company and out- 
side, are important in providing experience which makes 
the worker more valuable as a professional man. 

Membership in professional societies is also important. 
It is hard to conceive of a man as a professional who 
does not participate in the affairs of the local branch 
of at least one technical society. The company might 
encourage such participation by the payment of at least 
one membership, provided of course that actual partici- 
pation follows. Another area of service lies in part-time 
teaching, either in the plant or at a nearby school. Publi- 
cation of papers should be encouraged and all help possi- 
ble provided for each person to attain a reputation out- 
side of the company. There are tremendous rewards that 
accrue to the individual through such recognition in the 
scientific press, and the company also profits from this 
tremendously. 


A Professional Development Program | 
Although it is difficult in the larger organizations, I 
personally feel that it is well worth while for someone 
to be concerned with the preparation of a professional 
development program for each person. This, of course, 
requires that a contact be made with the person to see 
in what direction he wishes to move and then help him 
to lay out a program of advancement. The value of this 
personal interest in the employee’s mind is tremendous. 
It enables him to obtain the satisfaction of moving to- 


TECHNICAL MANAGEMENT 


ward a goal. In my opinion he should attribute his ow 
achievements to his company’s cooperation and not fed 
that he has accomplished something in spite of the com. 
pany or that he fought against odds. This attitude wil 
make men lose interest in their jobs and will make i 
difficult for your recruiters. 

We have talked about engineers. How one promotes 
technicians to scientists, I do not know. To the best af 
my knowledge there is no comparable examination. | 
would like to hear from readers on this point. 


More on Goff and Fall 


Do you remember the case of the Unenthusiastic Map- 
ager? The one involving Mr. Goff and Mr. Fall. This 
first appeared in the September issue and then was fwr- 
ther clarified in the December issue. Here is the problem, 
to refresh your memory: 

“Mr. Goff is Director of Research. Mr. Fall reports to 
him. Mr. Fall has three sections in his department with 
a total of about 20 people. There has been an organiza- 
tional change which does not affect the reporting of any 
of the persons but does mean that there will be a cut 
back in technical work. Responsibility for the remaining 
work will be given to another department. Mr. Goff be 
lieves this other department is more competent to handle 
it but Mr. Fall feels that his own department is better 
qualified. Fall presents his reasons for feeling as he does. 
He advances the argument that the personnel in his de 
partment will resent being bypassed. Mr. Goff, after 
unsuccessfully trying to convince Fall this isn’t so, tells 
him that the change will go into effect despite his oppo 
sition. 

How does Fall proceed? How does he announce the 
change to his staff? Does he pass the directive along 
without comment? What does he say if asked how he 
feels about it? Does he pass it along as though he were 
enthusiastic about the idea and give all the reasons 
which Goff has given him in support of the change? 
How should instructions be relayed to the department in 
these circumstances? Can you give guiding principles” 

W. H. Newberry, Assistant to the Technical Director, 
Olin-Mathieson Chemical Corporation, after following # 
line of reasoning which Mr. Fall might take, has Mr. 
Fall ask himself, “ ‘Will I have been expected to have 
some influence on my group’s attitudes?’ Suppose Mr. 
Fall follows our line of thought thus far and decides 
that it is up to him to exert some positive influence 02 
the side of giving the change a fair trial. How should 
he go about it? With R/D personnel, with their training 
in protecting a trial of any kind from the influence of 
uncontrolled variables, what more effective means coule 
be found than to lay the cards on the table and tell his 
section heads: ‘I’ve told Mr. Goff we don’t think this 
change will prove to be a good one. A few months from 
now I may have to be telling him that we've tried ® 
live with it, and it just isn’t working out. If that hap 
pens, the first thought in his mind will naturally be: 
‘Have we given it a fair trial?’ So I’ll need to be mé 
position to tell him that we have. I won't be able to do 
that unless we can line up our people to give it a fall 
trial. How about it? Can we do it?” 
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John V. E. Hansen of Brighton, Massachusetts, pre- 
ents an interesting discussion ending with two guiding 
srinciples worthy of consideration: 

“I note that, according to the presentation of the case, 
Wr. Fall has used, as one of his arguments against the 
woposed move, the fact that departmental personnel find 
tundesirable. This obviously implies that Mr. Fall took 
he liberty of discussing the proposed move in consider- 
ile detail with the departmental personnel prior to the 
‘ime the final decision was made. This in my judgment, 
sa basic error. I would think that Mr. Fall would have 
yen able to sense the nature of the reception that the 
woposed change would encounter if he enjoyed good 
apport with his own personnel. More important how- 
wer, is the general undesirability of giving out too many 
tails of a proposed move prior to a final decision. 


“Assuming that this situation does exist, however, 
wd assuming that Mr. Fall would now accept advice 
sto the best manner of proceeding, I would recommend 
that he review the case in his mind to determine why 
ir. Goff wants the proposed move. While the move may 
ave some undesirable effects as far as the people di- 
rectly under Mr. Fall’s supervision are concerned, it 
vould be reasonable to assume that the move would have 
idesirable effect on the over-all organization, presum- 
ily as explained by Mr. Goff to Mr. Fall. This would 
onstitute a basis for Mr. Fall to sell his people on it. 
“As to the manner of presenting the decision, if Mr. 
fall were to pass along the directive with comments that 
twas not his idea, there would be a strong implication 
if outright contradiction and therefore a lack of loyalty 
his own superiors. This, of course, is definitely unde- 


sirable. Inasmuch as Mr. Fall had already taken the 
liberty of discussing the matter with his personnel, a 
complete reversal to an enthusiastic report of the pro- 
posed move would also seem unrealistic. Therefore, a 
straightforward statement to the effect that the pro- 
posed move is to be put into effect together with certain 
general reasons for the move would be in order. I would 
suggest that Mr. Fall discuss the detailed reasons for 
the move with his personnel supervisors and explain 
that, from an overall organizational standpoint, all per- 
sonnel involved would ultimately benefit. It would then 
be the responsibility of the leading personnel to use their 
discretion as to the amount of information they pass 
along to the other personnel in explaining the situation. 

As far as guiding principles are concerned, I would 
think that they come down to the fairly basic ones that 
always seem a simple application of common sense. 

1) Preliminary discussions regarding proposed moves 
should be restricted to those personnel, and only those, 
who absolutely need to know. If necessary, other per- 
sonnel should be sounded out in a very general manner, 
but this is a practice to be avoided. 

2) Faith in one’s own ideas is always commendable, 
but not at the risk of upsetting an organization. A strong 
support of one’s own ideas is warranted until a final 
decision is made; beyond that, it becomes necessary to 
see the virtues in a superior’s orders and employ these 
to achieve the desired end in the most harmonious man- 
ner. Where the instructions to personnel are apt to rep- 
resent a drastic change or are apt to create concern, a 
supplementary conference on an informal basis with 
leading personnel is recommended.” END 


PROBLEM 


Design a miniaturized 400 cycle power transformer for airborne operation, with a three 
phase primary and three secondaries: three phase, two phase and single phase. 
Transformer to operate in an ambient temperature ranging from —55° C to +85° C. The 
maximum allowable temperature rise to be 40° C over ambient. Transformer to operate at 
altitudes up to 50,000 feet. Dimensions cannot exceed 5” high, by 2" wide, by 2%" long, 


nor can the weight exceed 24% pounds. The primary source to be 115V, 400 cps, three phase. The three secondary loads to be 
(a) 30V, three phase, at 1.8A with .5 lagging power factor, (b) 30V, single phase, at .4A with .7 lagging power factor, and (c) 115V 
single phase, in quadrature with (b) +5°, at .47A with .7 lagging power factor. Secondaries (a) and (b) to be loaded continuously 
with (c) loaded intermittently. All secondary windings to be ended in four terminals. Construction to be in accordance with 


applicable parts of MIL-T-27, Grade 1, Class A. The above are given as maximum dimensions and minimum performance 
requirements, greatest possible improvement in size, weight and performance requested. , 


SOLUTION BY PEERLESS 


Power Transformer, three phase, 400 cps to one phase, two phase, and 


three phase 

Construction: Grade 1, Class A, to MIL-T-27 
Ambient Temperature Range: —55° C to +85° C 
Temperature Rise: 35° C 


Primary: Three terminal, three phase, 115V, 380-420 cps, per phase 


Secondaries: Total of four terminals 


(a) 30V, three phase at 1.8A and .5 lagging power factor. 


Continuous duty. 


(b) 30V, single phase at .4A and .7 lagging power factor. 


Continuous duty. 


(c) 115V, single phase, at .47A, .7 lagging power factor 


and in quadrature with (b) within +1° 
Weight: Two pounds 


Dimensions: H: 4-1/32” + 4%” seven terminal header; W: 2-1/32"; L: 2-9/32” 


Experience in designing transformers to meet and exceed the most 
unusual and difficult specifications gives the Peerless engineering staff 
unique qualifications that speed the solution of every transformer problem. 


This background combines with rigid quality controls and advanced 


production techniques throughout the Peerless plant to achieve uniform 


quality and dependability in all Peerless products. 


Consult Peerless for the best solution to your quality transformer requirements. 


PEERLESS 


Electrical Products 
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SCIENTISTS 


Stimulation, status, security . . . the 
absorbing challenge of the rocket 
propulsion field, the rewards of pro- 
fessiona! recognition, the stability of 
a firmly established organization . . . 
are yours at Aerojet-General. 


Aerojet offers experienced chemists, 
physicists, mathematicians and metal- 
lurgists, and recent graduates unpar- 
alleled career opportunities on a 
variety of important problems. 


Conduct studies of new liquid or 
solid propellants. 

Conduct studies related to kinetics, 
inorganic synthesis or electro- 
chemistry. 

Conduct studies related to the de- 
sign of nuclear equipment. 

Investigate special guidance tech- 
niques, systems and devices. 

Develop mathematical analysis for 
various types of new rocket con- 
tro! systems. 

Conduct studies, analysis and tests 
of new materials and processes 
for possible use in advanced 
rockets. 


CORPORATION 
A Subsidiary of i PLANTS AT AZUSA 
The General Tire GEREEEIE AND NEAR SACRAMENTO, 
& Rubber Company WAM CALIFORNIA 


Write: Director of Scientific and Engi- 
neering Personnel, Box 296A3, Azusa, 
Calif. or Box 1947A3, Sacramento, Calif. 
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CALCULUS—A MODERN 
APPROACH 


By Karl] Menger 


Reviewed by Helen Hassler, 
General Electric Company 


If one’s hobby is diving into a com- 
plex tangle of symbols, equations, and 
curves, and trying to find some thread 
of continuity among them, then Karl 
Menger’s Calculus—A Modern Ap- 
proach is the book to get. If, on the 
other hand, you wish to get a basis 
in the theory and applications of 
calculus, this book might very well 
make you throw up your hands in 
desperation. 

In the first place, Mr. Menger be- 
gins with a strange way of “clarify- 
ing” his concepts. Variable quantities, 
commonly denoted by the letters at 
the end of our alphabet, are split into 
several logical categories and a great 
effort is made to distinguish them 
from one another. Variables denoting 
the points on a line are printed in 
roman type, whereas simple curves 
are designated by numerals and let- 
ters in italics. Although these con- 
ventions are maintained consistently 
throughout the book, it is altogether 
too easy to confuse them. And who 
wants to keep referring back to page 
4 to remind him of what the various 
sorts of type mean? 

The traditional (and convenient) 
notation of such functions as (D) sin 


x and f cos x dx are shortened into 


Dsin and fcos. The purpose of such a 
notation is, in the author’s words, to 
*“... connect the functions themselves 
rather than their values .. .” These 
formulas are supposed to be “of alge- 


braic beauty” and “streamlined”. In 
this reviewer’s opinion, 


they are 
merely irrelevant. 
It is, to a large extent, a matter of 


preference and expediency whether 


one approaches calculus from a geo- 
metrical or an analytical standpoint. 
Menger chooses the geometrical. The 
first three chapters in this book are 
devoted to what he calls “the two 
basic problems of calculus”, namely 
the area under a curve and the slope 
of a tangent to a curve. These two 
concepts are developed, with many 
side trips into the details and fine 
points, by means of numerical and 
graphical solutions, step lines, and a 
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great deal of meticulous examinatin 
of approximate solutions. In this wa 
we are led to a suggestion of the px. 
sibility of derivatives and integrak 

In Chapter 4, the concepts of fum. 
tions, variables, classes, etc., are dis. 
cussed. This is done more in the spiri 
of logical symbolism than in the spiri 
of mathematics. Great stress is placel 
on the concept of class which, whik 
most valuable and important in th 
ory, can certainly consume a tr 
mendous amount of time that might 
be spent in learning something abou 
how to deal with derivatives and ip. 
tegrals and how to apply them. 

The same may be said about th 
chapter on limits. Surely such a thor 
ough discussion of the interpretation 
and consequences of the definition o 
a limit belongs more to a theoretic: 
study of the basis of calculus than ty 
a supposedly elementary book on it 
operations. 

It is not until Chapter 7 that r 
finally get to the application of calev- 
lus to science. And even here ther 
is no really explicit demonstration « 
such application. Rather, there is: 
general explanation of the use @ 
calculus in problems dealing with 
rates of change of motion, and a larg 
amount of “interesting” sidelights 
the consequences of the concepts it- 
volved. 

The last two chapters are a hodge 
podge of a lot of things that the a 
thor seems to feel should be included 
but didn’t know where else to pu 
them. They deal with, among othe 
things, the mean value theorem, Ta 
lor’s expansion, maxima and minims 
two place functions (representing 
surfaces), partial derivatives, & 
None of them are developed in a Wy 
which would enable the student © 
use them conveniently. Of the expt 
nations: all of them, while undoubt 
edly extremely precise and thorough 
take a great deal of time to wat 
through. One is left with the feeliig 
that one had better spend a gre 
deal more time thinking about them 
if he does not want to stay 
down in detail, Indeed, this is t 
impression given by the entire bot 

There is also an appendix consis 
ing of a table of possible interpre 
tions of x and y. It lists the varie 


(Continued on page 38) 


FEB 


~ 
~ 
\ 
ee 
an 
| 
| 
Pa 
| 
| 
| 
| 
ad 
. 


ninatio: 
his Way 
the pes. 
itegrals 
of fun. 
are dis. 
1€ spirit 
e spirit 


placed 


etation 
tind 
retica! 
than te 

on its 


= 


FEBRUARY 1957 


Montgolfier’s vanguard project 


A sheep, a duck, a rooster—the first payload carried aloft for 
atmospheric research. Louis XVI, his queen and his court, 

were astonished witnesses as Joseph Montgolfier's smoke- 
filled balloon rose in majesty 1500 feet over Versailles. The 
passengers? unharmed (except the rooster; kicked by the sheep). 


Project Vanguard, 1957, is an equally momentous ‘“‘first’’— 

an attempt to place a 21-pound satellite in an orbit 300 miles up. 
Aerojet-General, designer-builder of the famed Aerobee-Hi, 

- will supply vital second-stage propulsion systems for Vanguard 
launchings during the International Geophysical Year. 


CORPORATION 
A of THe AZUSA AND 
Subsidiary GEN PLANTS AT 
The General Tire & Rabber TIRE NEAR SACRAMENTO, CALIFORNIA 


Aerojet-General invites scientists and engineers—men of imagination and 
vision—to join the attack on the most significant research, 
development and production problems of our time. 
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MADE BY CARL IN WEST GERMANY 
ZEISS | 


SPECTROPHOTOMETER PM@Q Il 


This new instrument offers universal applications for rapid, 


reliable and accurate photometric measurements of liquids, 
gases and solids at the highest resolving power of the spec- 
trum. 

The spectral region ranges from near-infrared (1,000 mu) 
to far-ultraviolet (200 mu). The transmission and extinc- 
tion is directly and easily read off on the scale indicator. 


Operates on 110-volt Alternating Current. 
Write for free, detailed literature 


CARL ZEISS, INC.., 485 FIFTH AVE., NEW YORK 17, N.Y. 


Guaranteed uninterrupted repair service 


FOR MORE INFORMATION CIRCLE 45 ON PAGE 48 


Accurately controtled pressures to 20,000 Ibs.; 6-inch 
gauge mounted on base. Carver Standard Accesso- 
ries include Electric or Steam Hot Plates, Carver Test 
Cylinders, Swivel Bearing Plates, Cage Equipment. 
Available from stock. Write for catalog. 


FRED S. CARVER INC. 
HYDRAULIC EQUIPMENT 


1 CHATHAM ROAD, SUMMIT, N. 
FOR MORE INFORMATION CIRCLE 46 ON PAGE 48 


BOOKS 


(Continued from page $4) 


interpretations placed upon the 
symbols in terms of the operations 
definitions of algebra, analytic » 
ometry, and calculus. 

Referring to his appendix at th 
end of the book, the author states thy 
“Unambiguous forms are listed {i 
this appendix] whose selection he 
been determined by one and only o 
factor—intelligibility.” If this bh» 
been Mr. Menger’s purpose in wit 
ing the book, he has admirably sy» 
ceeded in illustrating the need fy 
making his subject intelligible. 
Ginn & Co. 354 pp. 


« OF FURTHER INTERES! 


SCIENTIFIC USES OF EARTH 
SATELLITES 


J. A. VAN ALLEN, ED. 
Univ. of Michigan Press, Ann Arby, 
Mich. 316 pp, $10. 


This book makes available th 
thinking of leading scientists, tec 
nicians, and military experts, on th 
ways in which man-made satellite 
can contribute to our knowledge ¢ 
the universe. Among the problem 
treated are the optical and visu 
tracking of satellites, instrument: 
tion, meteorological measurement 
from the vehicle, and the possibilitie 
of observing cosmic rays, auror 
radiation, the earth’s magnetic fiell 
the ionosphere, and meteorites. Th 
present volume is a compilation of 8 
papers that were presented in January 
1956 at the Upper Atmosphere Rock 
Research Panel. Though description 
of some experiments are outmoded 
the fundamental analytical thought § 
yet valid and valuable: and the boo 
should prove a stimulating contrib 
tion to the literature. 


ENCYCLOPEDIA OF CHEMISTRY 


CLARK AND HAWLEY, EDS. 
Rheinhold Publishing Corp., 480 Park 
Ave., NYC 22. 1006 pp + index, $194) 


This is probably the first attemp 
to combine the contributions of hur 
dreds of authorities in the chemicd 
fields into a single volume. The pr 
ect is an enormous one because of the 
extreme diversity of the - chemict 
fields and the great body of materi 
contained in each. In addition to wht 
are considered the usual technical si 
jects, the editors have undertaken td 
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include, also, fringe fields such as 
Automatic Process Control, Anneal- 
ing, Abrasion Resistance, Electron 
Tubes, and Instrumentation. These 
have been treated from a “chemical 
pint of view”. This very sizable un- 
jertaking has been brought to a suc- 
vssful conclusion. The Encyclopedia 
of Chemistry should prove a very 
helpful book. It is certainly a big step 
in conveniently ordering our great 
mass of chemical knowledge. 


McPHERSON & KLEMIN, EDs. 
Reinhold Publishing Corp., 480 Park 
Ave, NYC 22. 474 pp + index, $12.50 


Rubber is ready to take a larger 
aud more important place among en- 
gineering materials. It should no 
onger be regarded as a specialized 
material for making tires and other 
products that require its most distin- 
gushing properties, but rather as a 
general engineering material capable 
of wide applications in competition 
with other materials. The 16 chapters 
if this book, each written by an expert 
in his field, purport to tell the why 
and how of rubber and its uses rather 
than simply what it can be used for. 
Natural and synthetic rubbers are 
discussed; compounding, engineering 
and mechanical properties, design, de- 
trioration, molecular structure, are 
imong the other subjects treated. 


MATHEMATICS AND COMPUTORS 


By AND LARRIVEE. 
McGraw-Hill, 330 W. 42 St., NYC 36. 
°08 pp +- index, $5.00. 


| One of the ways in which R/E sees 
its editorial function is to bring to 
the specialist some understanding of 
what’s going on in other fields in 
which he is not a specialist but, to all 
intents and purposes, a layman. The 
wthors of Mathematics and Comput- 
us have heard a similar editorial call. 
Their book offers the reader an op- 
portunity to get a better idea of the 
relationships between pure and ap- 
lied mathematics and the growing 
we of automatic computers. It sur- 
Veys the work of the applied mathe- 
matician, the problems he studies, his 
methods, and the computing devices 
that he uses. Computing devices and 
heir components are described, and 
aplanations of the binary system and 
timary codes are included. This is a 
tok to satisfy the curious and the 
&acting. —LS 
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Multiple Unit 
ORGANIC 
COMBUSTION 
Furnacts 


TYPE 123-T 

Each Section 

Separately 
Controlled 


This Organic Combustion Tube 
Furnace, made in three movable 


sections, is essential in the modern analytical laboratory. 
This furnace can act as one or as three separate units. 
The use of tap-changing transformers allows closer 
temperature regulation and means savings in power 
and maintenance. The furnaces are hinged for easier 
operation. Write for Bulletin 735R. 


DUTY ELECTRIC COMPANY 


HEVI 


tasorarory rurnaces MULTIPLE UNIT ccecraic exccusivery 


ats. uv. Pat OFF. 


MILWAUKEE 1, WISCONSIN 


FOR MORE INFORMATION CIRCLE 47 ON PAGE 48 


Why not brief us 
on your problems 
involving special 


COATINGS ? 


We manufacture many types of 
vacuum-deposited coatings . . . 
and we're both willing and pre- 
pared to work with you on your 
special problems. In fact, it is a 
key part of our business. 


Reference file on vacuum-deposited coatings. 
Data on reflection, transmission, adherence, 
hardness, durability, water resistance and other 


characteristics. Covers these coatings: 


Aluminum First Surface Mirrors 
Chromium First Surface Mirrors 
Gold First Surface Mirrors 
Nevtral Filters 
Transporent Mirrors 
Beom Splitters, High Efficiency 
(low or no light absorption loss) 
Beom Splitting Dichroic Mirrors 
Beam Splitting Dichroic Filters 
Metallic Electrically Conducting Coatings 
Transporent Electrically Conducting Coatings 
Beom Splitters or Dichroic Mirrors 
(with tronsporent electrically conducting coatings) 
low Reflection Coatings 


WRITE FOR YOUR REFERENCE FILE 


LIBERTY vacuwm-deposited COATINGS 


LIBERTY MIRROR DIVISION 
LIBBEY°OWENS:FORD GLASS CO. 
BRACKENRIDGE, PA. 

FOR MORE INFORMATION CIRCLE 48 ON PAGE 48 


Whatever the nature or size of 
your problem, why not put it 
up to us? 
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Uitra-Small Expanded Metal 


Ultra-small expanded metal is now avail- 
able with openings as small as 1/16”. 
Micromesh in stronger, safer and more 
decorative and its uses, either standard 
or flattened, are unlimited. Diamond 
shapes at present are the basic pattern, 
but square and tear drop openings are 
in the development stage. It can be pro- 
duced from aluminum, steel, stainless 
steel, copper, brass, monel or any stand- 
ard sheet material. Designers Metal 
Corp., 503 E. 159th St., Harvey, III. 
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Water-Sealed Splice 


A new permanent, water-sealed and in- 
sulated splice has been developed. The 
splice accommodates AN wire sizes #26 
thru #10 and is color-coded for easy 
size identification. Used as either a two- 
wire water-sealed splice, or for multi- 
wire applications, the Sealink meets 
| military specifications. Composed of a 
highly conductive, electro-tinned copper 
link; a transparent nylon insulation 
sleeve; and anodized aluminum sealing 
rings. Burndy, Omaton Div., Norwalk, 
Conn. 


Frequency Detector 


Sub-Miniature Potentiometer 


A new sub-miniature precision wire- 
wound potentiometer has precision jewel 
bearings that provide extremely low 
torque and also seal against abrasive 
dust or other foreign matter. They are 
highly accurate and dependable, and are 
ideal for sensitive instrument applica- 
tions, and for servo, computer or selsyn 
use. Because of the extremely low torque 
required to rotate the shaft, no appreci- 
able error is introduced, and therefore 
highest accuracy is maintained. Even 
though a highly precise component, it 
is very rugged. Ace Electronics Associ- 
ates, Inc., 103 Dover St., Soverville 44, 
Mass. 


FOR MORE DATA CIRC E 57 ON PAGE 48 


Self-Seal Pipe Fitting 


A thin, nut-like metal fitting promises 
to end leaky pipe connections. It seals 
instantly and permanently when thread- 
ed onto a standard pipe connection. Seal- 
ing is accomplished by a circular insert 
of Teflon plastic, resistant to tempera- 
ture and chemically inert. Thus it can 
be used in lines carrying oil, water, gas, 
chemicals. The fitting holds its seal un- 
der ultimate pressures of 10,000psi 
and temperatures from —200 degrees F 
to +500 F. Tru-Seal Division of Flick- 
Reedy Corp., Melrose Park, III. 


For telemetering, instrumentation and 
automatic control, a new detector pr- 
vides an output current linearly propor 
tional to frequency within the band from 
875 to 425cps. The output is suitable 
for operating a d’Arsonval indicating 
instrument, a servo type recorder, or: 
control circuit. Linearity is within \% 
of midband frequency. Output is zen 
at low-frequency end of the band pro- 
viding fail safe indication in absence of 
input. Airpax Products Co., Middk 
River, Baltimore 20, Md. 


FOR MORE DATA CIRCLE 59 ON PAGE & 


Aluminum Manifold 


A new cast aluminum manifold is & 
signed to afford economical and efficient 
multiple mounting of 2, 3 or 4W4 
valves in any desired combination. Avail 
able in 2 and 3 station types, the mam 
fold has full length inlet and exhavs 
ports, both 1” NPT, common to all valve 
stations. One access cover for all sta- 
tions simplifies electrical wiring. Pile 
solenoid leads are enclosed in dirt 
moisture-proof flexible conduit. Th 
manifold can be adapted to any type 0 
control valve application. Combinations 
of single or double solenoid Speed King 
valves can be mounted at any 

on the manifold. Valvair Corp. 4 
Morgan Ave., Akron 11, Ohio. 


FOR MORE DATA CIRCLE 56 ON PAGE 48 FOR MORE DATA CIRCLE 58 ON PAGE 48 FOR MORE DATA CIRCLE 60 ON PAGE @ 


RESEARCH & ENGINEERING 


| 
4 | 
hig 
ae « States 
| 
} 
tem. | 
4 
| 
even 
tes; J 
—— 
— 


74258 8 + 


Ba 


production area at the A E C’s Hanford Works. 


This heat exchanger transfers waste heat produced by atomic reactors to the space heating system for the 


ye 


THE OTHER SIDE OF THE ATOM 


When the use of nuclear energy is urged as a supple- 
ment to fossil fuels, we usually think of electric power. 
Since 30 per cent of the energy consumed in the United 
States is for space heating, any extensive use of heat 
produced by reactor would certainly be an important 
fator in conserving our dwindling supplies of coal, oil 
and natural gas. 

According to Albert J. Brayman, a Boston consulting 
engineer, the type of reactor needed to produce just heat 
$8 much simpler than those contemplated for power 
generation. Brayman, who is engaged in a sort of crusade 
for nuclear heat generation, also stressed that the effi- 
uency of energy conversion of a heat reactor approaches 
100 per cent compared to 30 per cent for the nuclear 
reactor turbine-generator combination. 


distribution Is Big Obstacle 


| The big obstacle to centralized nuclear heat generation 
's the distribution system: nuclear power plants can be 
tied into the existing electric utility systems; centralized 
tuclear space heating requires a pipe line system. En- 
gineering an under- or overground pipe system is a small 
ask compared to gaining the support of municipal au- 
thorities and the construction industry for the new sys- 
tm. Because of the distrbution problem, centralized 
welear heating for cities might lag behind nuclear re- 
«tors for industrial heating. And the latter becomes 
"en more attractive if the irradiation from the spent 
fuel elements can be used in the same plant for process- 
ag or catalytic action. (See “Gamma Radiation Facili- 
ues: Birth of a New Industry” in the June, 1956 R/E 
ir a discussion of the use of spent fuel elements in 
”mma radiation processing in industry.) 
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Apparently the advantages of centralized nuclear heat- 
ing outweigh the disadvantages for the Swedes. They 
have authorized five nuclear heating stations to be fin- 
ished by 1968. One will heat their capital, Stockholm. 
Part of the power from one reactor will be used to 
generate electricity. Nuclear space heating is already 
practiced experimentally in Great Britain and the United 
States. The British started it all with a small job a few 
years back. Then the AEC’s Hanford works built a 
nuclear space heating system using waste heat from their 
reactors. Brayman was one of the engineers who de- 
signed the Hanford system. 

For equal thermal outputs, the heat reactor should cost 
no more than 50% of the cost of the power reactor, accord- 
ing to Brayman. Where the more plentiful and less costly 
materials can be used in the heat reactor, they are en- 
tirely unsuited for the power reactor. Temperatures and 
pressures are comparatively low, making heavy water, 
aluminum and graphite and other more common con- 
struction materials practical and feasible. 


Five Years Away 


How far away is centralized nuclear heating? Bray- 
man predicts that the needed specialists in such work 
will not appear for five years. In the meanwhile, a break- 
through in breeder reactors would make the nuclear heat 
reactor even more attractive. Barring such a technical 
advance, Brayman believes that the AEC must encourage 
private industry to enter nuclear heating by reducing 
prices on fuel elements for reactors or by setting up 
demonstration nuclear heat reactors in the same spirit 
in which the demonstration atomic-powered merchant 
vessel will be built. END 
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Glass Trap 


This all-glass trap is used where quanti- 
tative condensation is required in the 
vacuum manipulation of hydrocarbons 
and other volatile compounds, It can 
also be used as a vacuum system fore 
trap and as a collector in air pollution 
analyses. When it is immersed, coolant 
fills the inner spiral and surrounds the 
outer surface of the trap, providing 50% 
greater cold surface for condensation 
with the same external dimensions as 
conventional traps. California Scientific 
Glass Co., 35 S. Raymond Ave., Pasa- 
dena, Calif. 


FOR MORE DATA CIRCLE 50 ON PAGE 48 


Counter 


A portable electronic counter, weighing 
only seven pounds, combines plug-in 
electronic decade and five-digit mechani- 
cal register. Capable of counting rates 
up to 12,000 per minute, the counter 
meets lab counting needs which are 
beyond the speed of ordinary electro- 
mechanical devices, but which do not 
require the elaborateness of multi-dec- 
ade electronic counters. Count capacity 
is 999,999 counts, with accuracy of plus 
or minus one count. Performance Meas- 
urement Co., 15301 W. McNichols Blvd., 
Detroit 35, Mich. 


FOR MORE DATA CIRCLE 51 ON PAGE 48 


Reproducer 


A new table model printer which uses 
no stencils, inks or negatives, reproduces 
unlimited top quality dry copies up to 
42” wide in seconds, The machine, called 
Ozaloid Streamliner 200, costs $995, and 
is claimed to be the first large capacity 
model in the low priced field. General 
Aniline & Film Corp., Binghamton, N.Y. 


Tape Recorders 


Modular electronic assemblies and tape 
transport design improvements for 
greater flexibility and accuracy are in- 
corporated in a new line of instrumenta- 
tion tape recorders. Up to seven tracks 
of data may be recorded at four speeds 
with the series FR 1100 equipment. Plug- 
in amplifiers allow for quick interchange 
to direct, fm and pulse width modula- 
tion recording. Heads are also compati- 
ble with all three modes, obviating head 
changes when switching from one meth- 
od to another. Instrumentation Div., 
Ampex Corp., 934 Charter St., Redwood 
City, Calif. 


FOR MORE DATA CIRCLE 53 ON PAGE 48 


Area Monitor 


A combination area-personnel-equipment 
monitor for detecting changes in radio- 
activity level has been introduced. Avail- 
able with either beta-gamma sensitive 
GM probe, or with gamma sensitive 
scintillation probe, the unit incorporates 
a 3-cycle logarithmic count rate meter. 
The Nucligard plugs into any 110 volt 
outlet, and any desired warning level of 
radioactivity may be preset. When this 
level is exceeded, a visual and audible 
alarm is set in operation. Nuclear Meas- 
urements Corp., 2460 N. Arlington Ave., 
Indianapolis 18, Ind. 


isolator Lab 


A compact, medium priced isolation wi 
has been introduced for radiochemistry, 
metallurgy, toxic chemicals and simile 
applications. The Isolator/Lab has it 
own air supply, exhaust system and ser. 
ices, and is adjustable to meet any ai 
demands. The unit can be used as either 
a closed or open system, singly or in any 
combination joined end to end for iner 
or special atmospheres with positive 
negative pressures. It provides personal 
protection from hazardous materials ani 
permits high-purity materials to k 
processed without contamination. Price 
of the set-up is $1033. Fisher Scientific, 
315 Fisher Bld., Pittsburgh 19, Pa. 


FOR MORE DATA CIRCLE 61 ON PAGE & 


Vacuum Furnace 


Cost, required space, maintenance am 
set-up time for vacuum processing - 
dramatically reduced with this new hig! 
vacuum lab furnace. Components 
interchangeable, making the unit sult 
able for melting, annealing, brazing 
sintering and degassing. Additional & 
cessories and controls are optional, mak 
ing the Hi-Vac F1212 furnace suitabl 
for virtually every laboratory °F light 
production requirement. High Vacuurt 
Equipment Corp., 2 Churchill Rd., Hing: 
ham, Mass. 


FOR MORE DATA CIRCLE 52 ON PAGE 48 FOR MORE DATA CIRCLE 54 ON PAGE 48 FOR MORE DATA CIRCLE 62 ON PAGE ° 
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Power Supply 

developed for transistor work and other 
ses requiring excellent regulation and 
sierosecond response, is a low-voltage, 
ligh-current power supply, Output is 
50 VDC continuously variable without 
witching. Current range is 0-1000 Ma 
saximum. Full output current is avail- 
ible, without derating, throughout entire 
ange. A second output supplies 6.3 VAC 
10 amps. Recovery time from 0 to 
‘ll load is 0.5 milisecond; from full 
vad to removal, 0.25 milisecond. Dres- 
en-Barnes Corp., 250 N. Vinedo Ave., 
Pasadena, Calif. 


OR MORE DATA CIRC!E 63 ON PAGE 48 


Multiple Test Unit 


Iwenty tests can be run simultaneously 
vith two new rotator oscillators. They 
measure 49” long x 10” wide x 14” high, 
veigh 75 Ib. and hold twenty 320z square 
wttles. Model 5300 oscillates through 
”°, Model 5301 rotates through 360°. 
The units can be used for mixing solu- 
tions, running corrosion tests with dif- 
ferent types and quantities of inhibitors, 
ite, Labline, Inc., 3070-82 W. Grand Ave., 
Chicago 22, II). 


OR MORE DATA CIRCLE 64 ON PAGE 48 


Temp-Test Chamber 


faving a range of —65°F to 600°F, and 
acapacity of 600 cubic inches of work- 
ig space, a new temperature chamber 
tas heen developed for ambient testing 
if products. Test trays are provided with 
penings for electrical or mechanical 
omnections to the products under test. 
Additional test trays are available to 
yrmit continuous operation of the test 
chamber. Stratham Development Corp., 
= W. Olympic Blvd., Los Angeles 64, 
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Vacuum Pump Sealer 


After extensive field testing, a new 
cuum pump sealer has been released. 
can be brushed on the heads of pumps 
assembly. On metal-to-metal sur- 
aces Vacuum Pump Sealer #2092 acts 
8a film-like gasket, and will effectively 
“al heads of pumps which pump down 
8s low as 1/10 micron vacuum pressure, 
When diluted to spray viscosity with a 
yecial thinner, it may be used to coat 
he entire outside surface of the pump, 
close microscopic pores in the casting, 
achieve lowest possible vacuum. Sam- 
es on request. Paule Chemical Corp., 
dept. P, Charleston 29, Mass. 
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Potter & Buunrdield en gineering 


is in this picture 


Which P&B relay did Television Associates specify 
FOR THEIR AIRBORNE COMPUTER? 


Surveys for pipe lines, electric transmission 
routes and microwave paths are now made 
from the air, by radar. Television Associates 
of Indiana, Inc. developed this speedy new 
technique—and the equipment—which pro- 


ENGINEERING DATA 


SERIES: MH Miniature Telephone. 


CONTACTS: Up to 18 springs, maximum 
9 in each stack, forms A, B, C, D, E, X and Y. 


vides clients with detailed profiles of the ter- AC relays are limited to a maximum of 2 
rain to be crossed. poles. Various material available. 
Part of the equipment, an intricate airborne 05 to 110 V.— 


computer, requires relays that are fast-acting, 
light weight, versatile. They must have high 
shock and vibration resistance and remain 
operative in temperatures ranging from —45°C 
to +85°C. 

Modified MH relays by P&B were specified. 
These miniature relays meet all Television 
Associates’ requirements and provide high 
reliability in a mighty small package. Chal- 
lenging relay problems are solved daily at 
P&B. Twenty-five years of creative engineer- 
ing are behind every P&B relay. Write today 
for our new catalog. 


COIL RESISTANCE: 22,000 ohms 
maximum. 

TEMPERATURE RANGE: High tem- 

—55° C. to 4-135° C. 

C. Standard 

AC —45° C. to +-40° C. Other temperature 
ranges available to specification. 

TERMINALS: Standard pierced solder 
lug holes will take (2) No. 18 hook-up wires. 
Adaptable for printed circuits. 

ENCLOSURES: Dust cover plus wide 
range of hermetically sealed covers and 
types of terminations. 

DIMENSIONS: 1-9/16" L. « 25/32" W.« 
1-3/8" H. (4c Relay). 


P&B RELAYS AVAILABLE AT MORE THAN 
500 DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Potter 


PRINCETON, INDIANA Subsidiory of AMERICAN MACHINE & FOUNDRY COMPANY 


Manvfacturing Divisions also in Franklin, Ky. and Laconia, N. H. 
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‘TEMPERATURE 
RECORDING... 


Newly designed, Model’’1000” 
Auto-Lite Recorder gives per- 
manent proof of temperature 
eo behavior. @ 6” clear reading 
] chart; various standard ranges 
ry from minus 40°F.to plus 550°F. 
e@ 3 standard types; choice of 
24-hr. or 7-day cycle. @ Elec- 
tric or mechanical chart drive. 


| With capillary tubing for 2 
remote reading. Priced from 
| $49.50. | 
Send for new catalog describ- sig 
ing many styles of Aufo-Lite Model “1000” 
temperature Recorders and In- 
dicators. » 
THE ELECTRIC AUTO-LITE COMPANY 
INSTRUMENT AND GAUGE DIVISION 


TOLEDO 1, OHIO 
NEW YORK « CHICAGO « SARNIA, ONTARIO 


“TEMP 


FOR MORE INFORMATION CIRCLE 68 ON PAGE 48 


management affairs 


Six of the most popular articles for improving 
technical management published in RESEARCH & 
ENGINEERING in recent months have been reprinted, 
including four by Luis J. A. Villalon, our Management 
Affairs Editor. Available for 25¢ each, they are listed 
below. 


LIMIT THEOREMS: Practical Tool for Project Evaluation 
THE DIFFICULT PERSONALITY PROBLEM IN R & D 
EXECUTIVE HEALTH: 14 Ways to Maintain It 

HOW’S YOUR STAFF EFFICIENCY? 

HOW’S YOUR ORGANIZATION QUOTIENT? 

TIME MANAGEMENT FOR THE R & D EXECUTIVE 


Reprints of the above articles on management problems are 
available for twenty-five cents each. Send check or money order 
to RESEARCH -& ENGINEERING, 77 South St., Stamford, Conn. 


Illustration courtesy of Popular Science Monthly 


New stability for 
satellite tracker 


Power resistors win out over 
“precision” resistors for low drift 
plus high overload capacity 


A few millivolts power-supply drift am 
mean a large range or angle error in trackix 
the U. S. Navy’s satellite missile — built fe 
the International Ceophysical Year. 

It’s for this reason that voltage rege 
lated power supplies for the tracking 
equipment must be as stable and as drift 
free as the state of the art permits, overs 
very wide range of operating condition, 

That, in brief, is the problem that fac 
engineers at Power Designs Inc., Richmon 
Hill, N. Y., builders of regulated. power sp 
plies for the satellite tracking equipment. 

To make the problem really tough, how 
ever, maximum reliability required the 
failure of any component not damage ony 
other component. Certain vacuum tube 
failures, for example, subjected ordinoy 
precision resistors to an 8 to 10 time 
overload. The resistors charred, opened 
up. Some even blew up, literally! 

Engineers at Power Designs got togethe 
with Ward Leonard engineers and came 
with the answer: A special Ward Leona 
Vitrohm resistor that had all the drift-ire 
stability required plus the overload capaci 
that makes Vitrohm resistors a favorite 
among designers. More economical, too. 

This, of course, is added testimony 
the facts we've known all! along abov 
Ward Leonard Vitrohm resistors. And, i 
shows the cooperation you can expe 
when you bring your special problems * 
Ward Leonard’s application departmen. 

We — too, that you'll be hearing 
more about these special high-stability Ward 
Leonard Vitrohm resistors. Particularly # 
you're concerned with analog or digitd 
computers, acquisition or tracking equip 
ment, instrumentation or other application 
requiring the utmost in stability plus hig 
overload insurance. For more data now wit: 
Ward Leonard Electric Co., 12 72 
South Street, Mount Vernon, 
N. Y. (In Canada: Ward Leon- 
ard of Canada Ltd., Toronto. ) 


LIVE BETTER...E/ectrically 
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al 
i eda-based process is being used to 
meduce trimethyl aluminum in pilot 
sant quantities. A highly flammable 
imid which ignites spontaneously in 
‘ir, this compound is being tested as a 
‘el and ignitor for ram jet and turbo 
engines. It also has possibilities as a 
wlymerization catalyst and as an inter- 
ndiate for chemical synthesis. Also 
milable from the pilot plant is methyl 
iuminum sesquichloride, which may 
ind use in similar applications. Cost 
atimates indicate that trimethyl can be 
wedueed in commercial quantities for 
ft $5 Ib. U.S. Industrial Chemicals 
National Distillers Products 
trp. 99 Park Ave., New York 16, N.Y. 
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Vith a unique combination of physical 
wd mechanical properties, bar steel is 
woduceed by a new process called Ele- 
nied Temperature Drawing. The di- 
masional tolerances, surface finish and 
aellent machineability generally as- 
wiated with cold finished bars have 
wn incorporated into a bar product 
mich also has strength properties nor- 
mlly developed by heat treatment. 
Heat treatment here is meant to de- 
erie the standard quench and temper 
gee for hardening steel.) Further, it 
timinates the need for heat treating and 
ttendant operations in many instances. 
I Steel Co., Box 6800-A, Chicago 
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fumed of a special plastic resin in con- 
jection with a ceramic bead, a new 
uwular heater seal has successfully un- 
“gone a variety of tests. A shoulder 
"the bead controls creepage distance 
tm shoulder to sheath without adding 
‘the dimensions of the heater. The seal 
tiloperate at 90°F with 90% humidity, 
ming protection against moisture and 
Recommended for economical 
Uplication where leakage current char- 
xeristics do not exceed 200 micro- 
mperes, it is available on all sizes of 
heaters for temperatures up to 

te General Electric Co., Schenectady 
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MATERIALS 


Potassium silicate in two commercial 
grades is now available. Potassium sili- 
cate No. 28 is recommended as an ad- 
hesive and binder for welding rod and 
other coatings, and for special cements. 
Potassium silicate No. 40, more alkaline 
than No. 28, is suggested for the same 
applications, as well as a builder for 
potash soaps and for rapid sudsing 
liquid soaps and detergents. Other ratios 
and concentrations, including lump or 
ground glass can be had on request. 
Cowles Chemical Co., 7016 Euclid Ave., 
Cleveland 3, Ohio. 
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Extra-high purity cadmium metal sticks 
are now being produced for analytical 
chemists and researchers. These are 
Certified reagent grade, with individual 
lot analysis. The reagent has only 
0.001% iron, 0.005% copper, 0.17% lead 
and 0.05% zinc. Costs about $8 per Ib. 
Fisher Scientific, 315 Fisher Bldg., Pitts- 
burgh 17, Pa. 


FOR MORE DATA CIRCLE 75 ON PAGE 48 


Fuel elements for atomic reactors are 
being molded of uranium oxide. The de- 
mand for materials to withstand increas- 
ingly higher temperatures would seem 
to indicate the use of ceramics to re- 
place metals. Once these elements become 
normal production items, it is believed 
that they will be less expensive than 
metal elements. The reprocessing of used 
ceramic elements is also expected to be 
easier. The Norton Co., Worcester 6, 
Mass. 
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Long in the research and development 
stage, zinc-clad aluminum alloy can now 
be had in commercial quantities. The 
soldering sheet is expected to open the 
door to many aluminum applications as 
yet untried, since it brings aluminum 
into the solderability range of copper. 
Used with specially developed soldering 
techniques, zinc-clad aluminum will sim- 
plify maintenance and repair of soldered 
assemblies, as well as reduce costs of 
production. The sheet is made with one 
or both sides clad. Aluminum Co. of 
America, 1501 Alcoa Bidg., Pittsburgh 
19, Pa. 
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Communications wire having a high 
strength steel core with a heavy copper 
coating is now in limited commercial 
production. The copper is joined to the 
steel in a permanent bond that permits 
twisting, bending or flattening the wire 
without breaking the bond. In addition 
to costing less than solid copper, the new 
wire has the reinforcing strength of a 
steel core. It will meet the multiple re- 
quirements of high tensile strength (up 
to 250,000 psi), electrical conductivity 
and resistance to fatigue and corrosion. 
Copperply wire is produced in two 
grades, with 30 and 40 percent con- 
ductivity, in both high and extra high 
strength classes, and in all standard 
sizes from #1 to #12 AWG. National- 
Standard Co., Niles, Mich. 


FOR MORE DATA CIRCLE 78 ON PAGE 48 


Tiny foreign bodies as small as 3 to 5 
mils in diameter, called inclusions, have 
long plagued metallurgists in developing 
alloys. Using an instrument with a 
power-operated drill only one mil in 
diameter, technicians in the Materials 
Engineering department at Westing- 
house Electric Corp., Pittsburgh, Pa., 
are now able to remove samples of the 
inclusion for analysis. This is done on 
an emission spectrograph, a method 
which burns the sample under high volt- 
age, releasing radiation characteristics 
of the elements present. These are re- 
corded on film, where they can be later 
picked off and converted into percentages 
of certain elements. 
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ultta- 
relays 


HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE... 


(No.3 inaseries by Barber-Colman Company) 


The circuit drawing below indicates just 
one of the hundreds of ways many manu- 
facturers are utilizing Barber-Colman Mi- 
cropositioner ultra-sensitive relays to solve 
complex control problems. Could this be 
the answer to some of yours, too? 


BARBER 


COLMAN 


COUPLED TO 
ROTATING DEVICE 


CONDENSER 


t BRAKE SOLENOID 


ACCELERATION CONTROL 


The circuit shown above provides an ac- 
celeration control to prevent skidding of 
aircraft, truck, or bus wheels when brakes 
are applied. Similar Micropositioner cir- 
cuits can also be designed for many appli- 
cations where limited acceleration or 
deceleration is important. 


In these circuits a Barber-Colman Micro- 
positioner is connected in series with a 
condenser across the output of a Barber- 
Colman permanent magnet d-c generator 
coupled to the rotating wheel. When the 
generator velocity is constant (accelera- 
tion zero), no voltage appears across the 
Micropositioner coil. A change in velocity 
produces a coil input proportional to the 
acceleration. Polarity of input depends on 
whether the velocity is increasing or de- 
creasing. When the input is large enough 
to close the Micropositioner contacts, P, a 
secondary relay, R, operates the solenoid 
in the braking circuit. 


If your projects involve control of acceler- 
ation, why not make a test with a Micro- 
positioner engineered for circuits similar 
to that shown above? Write 

for technical bulletins 
F-7279 and 
F-3961-6. 


BARBER-COLMAN 
MICROPOSITIONER 
POLARIZED DC RELAYS 


Various types...plug-in, solder-lug, screw 
terminal, hermetically sealed. Operate on 
input powers of 50 to 1,000 microwatts 
for use in photoelectric circuits, resistance 
bridge circuits, and electronic plate cir- 
cuits. Send for data. 


BARBER-COLMAN COMPANY 
Dept. N, 1874 Rock Street, Rockford, Illinois 
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FOR CONFIDENTIAL 
INTERVIEW 


At Camden, N. J. 
WOodlawn 4-7800 


Or, send resume to: 
Mr. John R. Weld 
Employment Mogr., 


Camden 2, N. J. 


ACOUSTICAL 
ENGINEER: 


Your Creative 


RCA needs an acoustical en- 
gineer for design and develop- 
ment work on devices and 
systems in military and con- 
mercial fields: microphones, 
head-sets and _ loudspeakers, 
noise and vibration measure 


speech 


compression systems; noise cal- 
cellation microphones; psycho- 
acoustics. RCA—pioneer in 


acoustics—has facilities perfect 
for the man who desires aé- 


Call Collect—Mr. R. A. Wallace 


Dept. Z-88 
Radio Corporation of America 
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Your Tektronix 
Field Engineer 
as an 


OPERATIONAL AID 


Clearing up operational 
difficulties is another of 
his many helpful 
functions. 


TOO MANY KNOBS? 


Not at all! Rather, an extremely versatile instrument. Tektronix high- 
performance oscilloscopes are capable of so many applications that their 
full potential is not always realized by the operator. Although he will use 
only a few in any one application, many knobs are required to give the 
operator full control of the many oscilloscope functions. Perhaps all 
these controls will seem unnecessary and confusing at first, but you'll be 
glad they’re there when you find out how useful your Tektronix Oscillo- 
scope can be. So if you are slightly confused by the controls of your new 
oscilloscope, call in your Tektronix Field Engineer. By demonstrating 
their use in various applications, he'll help you become more proficient, 
and you'll be well on your way to enjoying all the usefulness built into 
your instrument. 


_ GROUP INSTRUCTION 


When a Tektronix Oscilloscope is to be 
used by several engineers, or several new 
oscilloscopes are received at about the 
same time, your Tektronix Field Engineer 
will be happy to conduct an informal class 
on operation. Try to time his class for as 
soon after delivery as possible, and include 
in the group all those who are to use the 
instrument. This will insure your getting 
maximum usefulness from the oscilloscope 
... right from the start. 


POST-GRADUATE REVIEW \ 
Even if you know your Tektronix Oscilloscope quite MTS os 
well, a few moments spent going over the controls “¥ | 
and their functions with your Field Engineer can 
y off. He wants to be certain that you are getting 
the fullest usefulness with the least effort. Next time 
he visits you, make sure you are operating your in- ooo 
strument the easy way in all your applications, tv , 


Tektronix Field Offices: Albuquerque, N. M.—Ballti- 
more, Md.—Bronxville, N. Y.—Cleveland, Ohio— Day- 
ton, Ohio — Elmwood Park, Ilil.— Los Angeles, Calif.— 
Menlo Park, Calif. — Minneapolis, Minn. Newtonville, 
Mass. — Philadelphia, Pa.— Phoenix, Ariz.— Syracuse, 
N. ¥.—Union, N. J.— Willowdale, Toronto, Ontario. 


Tektronix Engineering Representatives: Bivins & 
Caldwell, High Point, N. C. and Atlanta, Ga.— Haw- 
thorne Electronics, Portland, Ore. and Seattle, Wa.— 
Hytronic Measurement Associates, Denver, Colo.— Arthur 
Lynch & Associates, Fort Myers, Fla. 


Tektronix is represented in twenty overseas 
cities by qualified engineering organizations. 


TEKTRONIX, INC., P. O. BOX 831, PORTLAND 7, ORE. 
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HERE’S A REVIEW OF LAST MONTH'S 
PRODUCT ADS FOR YOUR INFORMATION. 


Photosensitive Tubes 83 
These devices have numerous applica- 
tions in science and industry such as: 
closed circuit TV for training and in- 
spection, electronic measurement, atomic 
particle research and control of ma- 
chinery. 


Radio Corp. of America, Sec. A84Q, 
Commercial Engineering, Harrison, N.J. 


Liquid Fluorine 84 
As a result of research, fluorine can now 
be transported and handled directly as a 
liquid, in tank truck tonnages. 


Product Development Dept., General Chemi- 
cal Division, Allied Chemical & Dye Corp., 
40 Rector St., New York 6, N.Y. 


Ultrasonic Systems 8s 
This firm has a large staff of theore- 
ticians and engineers to help solve prob- 
lems for all industries. Bulletins are 
offered on various applications. 


Acoustica Associates 
Glenwood Landing, L.I., N.Y. 


Instrument Service 86 
Lending a hand with maintenance prob- 
lems and instruction in maintenance 
techniques for its oscilloscopes, are 
among the many services rendered by 
this firm’s staff of engineers. 


Tektronix, Inc. P.O.Box 831, Portland, Ore. 


Contract Research 87 
This company offers separate contract 
services covering all types of applied 
research in process and product en- 
gineering in the chemical and petroleum 
fields. 


Research Div., The Fluor Corp., Ltd. 
12012 E. Washington Blvd., Whittier, Calif. 


88 
The fuel propellant of the future may 
prove to be an inorganometallic. Lithium 
combines low density with high heat of 
combustion to give a ratio of extraor- 
dinary chemical energy per unit of 
weight. 


Fuel for Thought 


Lithium Corp. of America, 2692 Rand Tower, 
Minneapolis, Minn. 


Permanent Magnets s9 
Location of permanent magnets in a 
magnetic circuit is a design factor. A 
paper entitled “An Experiment in Mag- 
net. Location” is offered by this organiza- 
tion. 


Indiana Steel Products Co., 
Valparaiso, Indiana 


Paradoxical Lithium 90 
Classed originally as an alkali, Lithium 
has emerged as a metal with such uses 
as: catalyst, heat transfer medium, 
metallic scavenger, high-temperature 
fuel and thermonuclear material. 
Technica] data bulletin is available. 


Foote Mineral Co., 455 Eighteen West 
Chelten Bidg., Philadelphia 44, Pa. 


High Heat Conductivity 91 
Silicon carbide refractories offer roughly 
11 times the conductivity of fire clay. 
They are ideal for applications where 
exceptional resistance to direct flame is 
needed. 


Refractories Div., Dept $17, 
The Carborundum Co., Perth Amboy, N.J. 


Rare Earths 92 
Elements 57 through 71 in the form of 
chemical salts are produced individually 
or in combinations for varied uses 
throughout industry. 


Lindsay Chemical Co., 
274 Ann St., West Chicago, Ill. 


Titrimeters 93 
This family of instruments for qualig 
control includes five different typay 
standard, automatic, high-frequeng 
amperometric and coulomatic. 


Fisher Scientific, 115 Fisher Bldg., 
Pittsburgh 19, Pa. 


How to Get Things Done 94 
This visual control system gives a pip 
ture of your operations at a glance i 
is recommended for scheduling Rp 
projects. Booklet on request. 


Graphic Systems, 55 W. 42 St., N.Y. 36, NY, 4 


Ceramic Ware 
Zirconia ware features extremely hig 
melting point, chemical inertness a 
insulating qualities. Typical application 
are crucibles and tubes for high-tem 
perature processes, 


Laboratory Equipment Corp., 
5001 Hilltop Rd., St. Joseph, Mich. 


Solve Pump Problems 
These pumps constructed without stuf 
ing box or shaft seals, eliminate packig 
problems in handling corrosive liquid 


Vanton Pump & Equipment Corp., 
Dept RE-1, Hillside, N.J. 


Special Charts 97 
Precision instrument charts in strip@ 
circular form can be printed to ja 
specifications. Special papers and si 
are available. 


Bristo| Co., Waterbury 20, Conn. 


Compressor 98 | 
This laboratory-scale gas compressor 
known for top performance. It featur 
horizontal multistage construction Wa 
only one stuffing box, metal packing am 
sight bubble indicator. 


Autoclave Engineers, 
2934 W. 22nd St., Erie, Pa. 
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103 PARK AVENUE 


PLEASE USE THIS FORM BEFORE MARCH 1. 


FOR MORE INFORMATION ON PRODUCTS OR ADS 
IN THIS ISSUE, CIRCLE APPROPRIATE NUMBER. 


NEW YORK 17, N.Y. _unnneaew#ee.i@*n. 

2 72 2 s2 se 72 

PLEASE TYPE OR PRINT 3 18 2 ss 4 58 6 73s 8 8) 

4 4 3 4 6 4% 

5 % 3 46 75 

Title 6 16 2 86836 “6 56 66 76 

9 9 2 39 4 59 79 8 WF 

Company Address 00 | 
Zone No. 10 20 30 40 50 60 70 80 90 : 


RESEARCH & ENGINEERING 


‘ 
| 
: 
4 
. 
= 
7 7 
© 
| 
' 
H 
' 
| 
i 
Pa 
. 
> 
3 


